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effort as a cost input may vary dynamically and intra-individually.
For example, people low in dispositional executive functioning, or
need for cognition, or those who believe in limited willpower, may
generally assign larger weights to effort as a cost than people dis-
positionally high in executive functioning (Kool et al. 2010), high
in need for cognition, and believing in unlimited willpower (Job
et al. 2010). Many resource-depletion ﬁndings (e.g., Muraven &
Slessareva 2003) can be explained this way – as the effects of
prior effortful task performance on the net utility of a subsequent
effortful activity, mediated via a change in the weight assigned to
task effort as a cost.
In sum, we believe that the phenomenology of effort as an
output of a relative utility comparison among alternatives may
need to be distinguished from the notion of task-speciﬁc effort
as a potential cost input. In making everyday decisions about
which courses of action to take and continue, people appear to
care about the effortfulness of each of these activities in more
than just a relative manner. How much they care about the
effort dimension may depend on how resourceful they feel at a
given point in time. When tired and faced with two effortful
options that are otherwise high in beneﬁts (e.g., exercising,
doing the laundry) we may sometimes choose to not engage in
such options at all.
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Abstract: The target article highlights the role of the anterior cingulate
cortex (ACC) in conﬂict monitoring, but ACC function may be better
understood in terms of the hierarchical organization of behavior. This
proposal suggests that the ACC selects extended goal-directed actions
according to their learned costs and beneﬁts and executes those
behaviors subject to depleting resources.
Kurzban et al.’s provocative and compelling theory of effortful
behavior links the psychological literature on self-control with a par-
allel literature in cognitive neuroscience. Their opportunity cost
model suggests that the anterior cingulate cortex (ACC), prefrontal
cortex, and other frontal brain areas compose a neural substrate that
prioritizes mental actions based on their learned costs and beneﬁts,
an assertion that should be uncontroversial given this system’s well-
known role in high-level decision making (Silvetti & Verguts 2012).
Yet the rapidly evolving literature on cognitive control suggests that
aspects of their proposal require further development.
In particular, although the conﬂict-monitoring theory of ACC
function provides much of the neural foundation for Kurzban
et al.’s proposal, accruing evidence appears inconsistent with it
(Mansouri et al. 2009; Nachev 2011; Rainer 2007; Yeung 2013).
The conﬂict theory was motivated largely by functional neuroima-
ging data (Botvinick et al. 2004), but other neuroimaging ﬁndings
have been less supportive of the theory (e.g., Erickson et al. 2004;
Roelofs et al. 2006). Studies in nonhuman primates have also failed
to reveal conﬂict-related activity in ACC neurons, and ACC
damage in monkeys and humans tends to spare conﬂict
processing (Mansouri et al. 2009). By contrast, recent human func-
tional neuroimaging (Dosenbach et al. 2007; Hyaﬁl et al. 2009;
Kouneiher et al. 2009), human lesion (Picton et al. 2007), and non-
human primate (Hayden et al. 2011; Johnston et al. 2007) studies
suggest that the ACC is responsible for task initiation and mainten-
ance and for motivating or “energizing” behavior.
We have recently proposed a novel theory of ACC function that
seems more amenable to the opportunity cost model (Holroyd &
Yeung 2012). This idea links a previous suggestion that the ACC
acts as a high-level decision-making mechanism that learns to
choose between action plans according to principles of reinforce-
ment learning (Holroyd & Coles 2002) with recent advances in
reinforcement learning theory that utilize a hierarchical mechan-
ism for action selection called hierarchical reinforcement learning
(HRL) (Botvinick 2012). According to the HRL account, the ACC
Table 1 (Hofmann & Kotabe). Illustration of task effort as a cost input variable*
Case A: Conditions of resource plentifulness (e.g., no prior engagement in effortful activity; high dispositional executive functioning;
belief in unlimited willpower)
Beneﬁts (+) / Costs (−) Judgment Weights (importance)
Doing math problems
Challenge/Exercise +5 0.5
Perceived Task Effort −3 0.5
Net Utility: (5 × 0.5) + (−3 × 0.5) = 1
Case B: Conditions of resource scarcity (e.g., prior engagement in effortful activity; low dispositional executive functioning; belief in
limited willpower)
Beneﬁts (+) / Costs (−) Judgment Weights (importance)
Doing math problems
Challenge/Exercise +5 0.5
Perceived Task Effort −3 1
Net Utility: (5 × 0.5) + (−3 × 1) = −0.5
* The “cost” of effort varies dynamically as a function of situational and dispositional boundary conditions such as prior engagement in effortful
activity, low executive functioning (i.e., low ability), or varying beliefs in willpower. Changes in the importance of effort are modeled as a change in
the judgment weight assigned to effort as a cost.
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supports the selection and execution of context-speciﬁc sequences
of goal-directed behavior, called “options,” over extended periods
of time (Holroyd & Yeung 2012). This view holds that the ACC
integrates rewards and punishments across time to learn not
whether individual actions are worth performing, but rather,
whether the task itself is worth carrying out. Thus, the ACC
would be responsible for motivating subjects to participate in a
psychology experiment until its completion, as opposed to imple-
menting subtle behavioral adjustments along the way.
Options are comparable to mental actions to the extent that
both represent extended, task-related activities such as playing a
board game, doing math homework, and jogging. Both are also
selected (prioritized) based on their learned costs and beneﬁts.
Yet the two theories have an important difference: Unlike the
opportunity cost theory, the HRL theory does not set the
resource-depletion and cost-beneﬁt accounts of effortful behavior
in opposition. Recent HRL computational work from our labora-
tory (unpublished) simulates a “dual system” approach to behav-
ioral regulation (Heatherton & Wagner 2011; Hofmann et al.
2009) whereby “top-down” control is applied by the ACC over a
relatively impulsive, basal ganglia mechanism for action selection.
Control is maintained via an energy factor that depletes with use
(Ackerman 2011; Van der Linden et al. 2003) such that optimal
task performance is maintained with the minimal level of
control necessary (Kool et al. 2010; Yeung & Monsell 2003). Con-
trary to assertions in the target article, our simulations illustrate
that – at least in principle –momentary increases in control can
occur in the presence of a strictly decreasing resource (Muraven
et al. 2006; Muraven & Slessareva 2003).
But do mental resources actually exist? The opportunity cost
model would seem to invoke separate resource-dependent and
resource-independent mechanisms for physical versus mental
control, respectively. This distinction may be artiﬁcial: Even when
actions involve only minimal energetic costs, people still prefer
doing nothing over something (Baumeister et al. 1998; Brockner
et al. 1979), and when the costs between actions are equated,
they choose actions that minimize control – indicating that
mental actions, like physical actions, exact costs (Kool et al.
2010). Doubts about glucose utilization notwithstanding (Schim-
mack 2012), mental costs must reﬂect in part the simple fact
that the brain is a biophysical system that obeys thermodynamic
laws. For instance, metabolic processing of the neurotransmitter
glutamate is a highly energy-consuming process, so synapses
operate on a principle of resource optimization that maximizes
the current released per glutamate molecule (Savtchenko et al.
2013). A parsimonious theory would posit a unitary mechanism
for maintaining control over the task at hand, whether this
entails overcoming neural fatigue in a chess marathon or muscle
fatigue in a long-distance marathon (Boksem & Tops 2008).
It has been suggested that the resource-depletion theory origi-
nated as an ill-conceived metaphor for the essential role that
energy played during 19th-century industrialization (Hockey
2011). Ironically, in this contemporary age of dwindling natural
resources, the energy metaphor may be even more apposite than
before. Natural resource deposits are ﬁnite entities that become
increasingly difﬁcult to mine as the easiest resources to develop
are extracted ﬁrst. The decline can be masked with economic
incentives that temporarily increase production, but doing so
comes at the expense of an ultimately faster depletion rate (Young-
quist 1997). By analogy, studies of resource depletion in humans
have typically involved shorter time frames (i.e., minutes) when,
presumably, the resource in question is still plentiful and easy to
extract (Hagger et al. 2010a). The HRL account suggests that the
ACC energizes behavior over extended periods – on the order of
hours or longer – rather than on a moment-to-moment basis.
Experiments that utilize longer time-horizons may discover that
the short-term performance gains resulting from motivational
incentives, response conﬂicts, and so on, come at the expense of
longer-term decrements in performance once the resources
upon which they draw are ultimately depleted.
Formal models of “resource depletion”
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Abstract: The opportunity cost model (OCM) aims to explain various
phenomena, among which the ﬁnding that performance degrades if
executive functions are used repeatedly (“resource depletion”). We
argue that an OCM account of resource depletion requires two unlikely
assumptions, and we discuss an alternative that does not require these
assumptions. This alternative model describes the interplay between
executive function and motivation.
Kurzban et al.’s opportunity cost model (OCM) is proposed to
explain the origins and adaptive nature of mental effort. The
authors argue that if current and competing tasks both require
executive functions, these tasks will be compared on their value.
If the value of a competing task exceeds that of the current task,
mental effort is experienced. This experience of effort is adaptive
in nature, as it signals that executive functions should not be used
for the current task but are better applied to the competing task.
Kurzban et al. argue that their model can explain a wide variety
of phenomena, including the ﬁnding that performance degrades
if executive functions are used repeatedly, a phenomenon known
as “resource depletion.” We argue that the OCM account of
resource depletion requires three assumptions, two of which are
likely not to be satisﬁed. We therefore discuss an alternative
model that does not require the two unlikely assumptions.
However, before doing so, it is necessary to specify our interpret-
ation of two key OCM concepts: “task value” and “effort.” In
general, Kurzban et al. seem to deﬁne task value in terms of the
positive aspects of a task (cf. sect. 2.4.1), yet in some instances
they seem to allude to negative aspects as well (cf. Fig. 1). In
addition, effort is generally deﬁned as the discrepancy between
current and alternative task values (cf. Abstract), yet occasionally
the term seems to refer to a property of a single task (e.g.,
“might explain why subjects in self-control conditions exert less
effort”; sect. 3.1, para. 10). In the following we adhere to the
authors’ general interpretations: Task value is deﬁned only in
terms of positive aspects, and effort is an index of the discrepancy
between current and alternative task values.
The effects of repeated usage of executive functions are often
taken to suggest that resources for executive function become
depleted, hence the name “resource depletion” (Muraven & Bau-
meister 2000). Yet, this interpretation is subject to debate, as it has
been suggested that the effects of repeated use of executive func-
tions are better explained in terms of a depletion of motivation,
rather than by a depletion of resources (Hagger et al. 2010a).
Accordingly, Kurzban et al. provide an OCM account of the
effects of repeated usage of executive functions, an account in
which task value, a concept related to motivation, plays a key
role. Below we argue that this OCM account relies on three
assumptions, two of which are unlikely.
The OCM’s ﬁrst assumption is that a preceding executive func-
tion task reduces the value of a current executive function task.
Kurzban et al. suggest one potential mechanism for this reduction:
In the beginning of an experiment participants may feel obliged
towards the experimenter, and therefore task value is high. But
as the experiment proceeds, obligations are gradually fulﬁlled,
and therefore task value decreases. The second assumption of
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We look forward to future work that illuminates questions
that remain open, including the nature and details of the
computations that underlie mental effort, the neurophysio-
logical structures involved, and, of course, whether compu-
tations of opportunity costs play the sort of central role that
we propose. Our hope is that our proposal will serve to
focus debate on these open questions. While resource
models have stimulated substantial amounts of research
effort, our hope is that by moving beyond resource
accounts, further progress can be made in understanding
the origins and function of sensations of mental effort.
We believe that situating this work in the context of
evolved function and the language of computation might
go some way towards giving the various communities
working on this important question common ground from
which to operate and collaborate productively in the
years ahead.
References
[The letters “a” and “r” before author’s initials stand for target article and
response references, respectively]
Ach, N. (1935) Analyse des Willens [Analysis of the will]. Urban Schwarzenberg.
[GHEG]
Ackerman, J. M., Goldstein, N. J., Shapiro, J. R. & Bargh, J. A. (2009) You wear me
out: The vicarious depletion of self-control. Psychological Science 20(3):326–32.
[aRK]
Ackerman, P. L. (1987) Individual differences in skill learning: An integration of
psychometric and information processing perspectives. Psychological Bulletin
102:3–27. [MT]
Ackerman, P. L. (2011) 100 years without resting. In: Cognitive fatigue: Multidis-
ciplinary perspectives on current research and future applications, ed. P. L.
Ackerman, pp. 11–43. American Psychological Association. [aRK, CBH]
Ainslie, G. (1975) Specious reward: A behavioral theory of impulsiveness and
impulse control. Psychological Bulletin 82:463–96. [JM, VZ]
Ainslie, G. (1991) Derivation of “rational” economic behavior from hyperbolic dis-
count curves. American Economic Review 81:134–40. [MI]
Ainslie, G. (1992) Picoeconomics. Cambridge University Press. [JM]
Ainslie, G. (2001) Breakdown of will. Cambridge University Press. [JM]
Ainslie, G. (2012) Pure hyperbolic discount curves predict “eyes open” self-control.
Theory and Decision 73:3–34. doi:10.1007/s11238-011-9272-5. [GA]
Ainslie, G. (2013) Grasping the impalpable: The role of endogenous reward in
choices, including process addictions. Inquiry 56(5):446–69. [GA]
Akerlof, G. A. & Yellen, J. L. (1990) The fair wage–effort hypothesis and unem-
ployment. The Quarterly Journal of Economics 105(2):255–83. [aRK]
Alberts, H. J. E. M., Martijn, C. & de Vries, N. K. (2011) Fighting self-control failure:
Overcoming ego depletion by increasing self-awareness. Journal of Exper-
imental Social Psychology 47:58–62. [MI]
Alessi, S. M. & Petry, N. M. (2003) Pathological gambling severity is associated with
impulsivity in a delay discounting procedure. Behavioural Processes 64(3):345–
54. doi:10.1016/S0376-6357(03)00150-5. [JAW]
Alexander, G. E. & Crutcher, M. D. (1990) Functional architecture of basal ganglia
circuits: Neural substrates of parallel processing. Trends in Neurosciences 13
(7):266–71. [aRK]
Allport, L. E., Butcher, K. S., Baird, T. A., MacGregor, I., Desmond, P. M., Tress, B.
M., Colman, P. & Davis, S. M. (2004) Insular cortical ischemia is independently
associated with acute stress hyperglycemia. Stroke 33:1886–91. [MT]
Amann, M., Blain, G. M., Proctor, L. T., Sebranek, J. J., Pegelow, D. F. & Dempsey,
J. A. (2010) Group III and IV muscle afferents contribute to ventilatory and
cardiovascular response to rhythmic exercise in humans. Journal of Applied
Physiology 109(4):966–76. [ADC]
Amiez, C., Joseph, J. P. & Procyk, E. (2005) Anterior cingulate error-related activity
is modulated by predicted reward. European Journal of Neuroscience 21
(12):3447–52. [KLH]
Anglin, M. D., Brecht, M. L., Woodward, A. & Bonett, D. G. (1986) An empirical
study of maturing out: Conditional factors. International Journal of Addiction
21(2):233–46. [JM]
Arai, T. (1912) Mental fatigue. Teachers College, Columbia University, New York.
[aRK, DBC]
Astaﬁev, S. V., Snyder, A. Z., Shulman, G. L. & Corbetta, M. (2010) Comment on
“Modaﬁnil shifts human locus coeruleus to low-tonic, high-phasic activity during
functional MRI” and “Homeostatic sleep pressure and responses to sustained
attention in the suprachiasmatic area.” Science 328(5976):309. [NJM]
Aston-Jones, G. & Cohen, J. D. (2005) An integrative theory of locus coeruleus-
norepinephrine function: Adaptive gain and optimal performance. Annual
Review of Neuroscience 28:403–50. [aRK, NJM]
Avena, N. M., Rada, P. & Hoebel, B. G. (2008) Evidence for sugar addiction:
Behavioral and neurochemical effects of intermittent, excessive sugar intake.
Neuroscience and Biobehavioral Reviews 32(1):20–39. [aRK]
Baddeley, A. D. & Hitch, G. (1974)Working memory. In: Recent advances in learning
and motivation, vol. 8, ed. G. A. Bower, pp. 47–90. Academic Press. [aRK]
Badre, D. & D’Esposito, M. (2009) Is the rostro-caudal axis of the frontal lobe
hierarchical? Nature Reviews Neuroscience 10(9):659–69. [aRK]
Bargh, J. A. & Morsella, E. (2008) The unconscious mind. Perspectives in Psycho-
logical Science 3:73–79. [MB]
Baron, J. & Ritov, I. (1994) Reference points and omission bias. Organizational
Behavior and Human Decision Processes 59:475–98. [AN]
Barrouillet, P., Gavens, N., Vergauwe, E., Gaillard, V. & Camos, V. (2009) Working
memory span development: A time-based resource-sharing model account.
Developmental Psychology 45(2):477. [AB]
Barsh, G. S. & Schwartz, M. W. (2002) Genetic approaches to studying energy balance:
Perception and integration. Nature Reviews Genetics 3(8):589–600. [aRK]
Bartra, O., McGuire, J. T., & Kable, J. W. (2013) The valuation system: A coordinate-
based meta-analysis of BOLD fMRI experiments examining neural correlates of
subjective value. NeuroImage 76:412–27.
doi:10.1016/j.neuroimage.2013.02.063. [rRK]
Baumeister, R. F., Bratslavsky, E., Muraven, M. & Tice, D. M. (1998) Ego depletion:
Is the active self a limited resource? Journal of Personality and Social Psy-
chology 74(5):1252–65. doi:10.1037/0022-3514.74.5.1252. [arRK, SDB, CBH,
ECC, JMDH, WK, NJM]
Baumeister, R. F., Sparks, E. A., Stillman, T. F. & Vohs, K. D. (2008) Free will in
consumer behavior: Self-control, ego depletion, and choice. Journal of Consu-
mer Psychology 18:4–13. [JM]
Baumeister, R. F. & Tierney, J. (2011)Willpower: Rediscovering the greatest human
strength. Penguin Group. [rRK]
Baumeister, R. F. & Vohs, K. D. (2007) Self-regulation, ego depletion, and motiv-
ation. Social and Personality Psychology Compass 1(1):115–28. [aRK]
Baumeister, R. F., Vohs, K. D. & Tice, D. M. (2007) The strength model of self-
control. Current Directions in Psychological Science 16(6):351–55. [aRK, WK]
Beedie, C. J. & Lane, A. M. (2012) The role of glucose in self-control: Another look
at the evidence and an alternative conceptualization. Personality and Social
Psychology Review 16(2):143–53. [aRK, DCM]
Bell, D. E. (1982) Regret in decision making under uncertainty.Operations Research
30(5):961–81. [AN]
Bell-McGinty, S., Habeck, C., Hilton, H. J., Rakitin, B., Scarmeas, N., Zarahn, E.,
Flynn, J., DeLaPaz, R., Basner, R. & Stern, Y. (2004) Identiﬁcation and
differential vulnerability of a neural network in sleep deprivation. Cerebral
Cortex 14:496–502. [MT]
Benoit, R. G., Gilbert, S. J. & Burgess, P. W. (2011) A neural mechanism mediating
the impact of episodic prospection on farsighted decisions. Journal of Neuro-
science 31(18):6771–79. [KLH]
Berman, M., Yourganov, G., Askren, M. K., Ayduk, O. N., Casey, B. J., Gotlib, I. H.,
Kross, E., McIntosh, A. R., Strother, S., Wilson, N. L., Zayas, V., Mischel, W.,
Shoda, Y. & Jonides, J. (2013) Dimensionality of brain networks linked to life-
long individual differences in self-control. Nature Communications 4:1373.
Available at: http://www.nature.com/ncomms/journal/v4/n1/full/ncomms2374.
html [VZ]
Berns, G. S., Laibson, D. & Loewenstein, G. (2007) Intertemporal choice –
Toward an integrative framework. Trends in Cognitive Science 11(11):482–88.
[KLH]
Berridge, K. C. (2004) Motivation concepts in behavioral neuroscience. Physiology
and Behavior 81(2):179–209. [aRK]
Berridge, K. C. (2007) The debate over dopamine’s role in reward: The case for
incentive salience. Psychopharmacology 191(3):391–431. [aRK]
Bickel, W. K., Miller, M. L., Yi, R., Kowal, B. P., Lindquist, D. M. & Pitcock, J. A.
(2007) Behavioral and neuroeconomics of drug addiction: Competing neural
systems and temporal discounting processes. Drug and Alcohol Dependence 90:
S85–S91. doi:10.1016/j.drugalcdep.2006.09.016. [JAW]
Bloom, P. (2010) How pleasure works: The new science of why we like what we like.
W. W. Norton. [aRK, MH]
Boksem, M. A. S., Meijman, T. F. & Lorist, M. M. (2005) Effects of mental fatigue
on attention: An ERP study. Cognitive Brain Research 25(1):107–16. [aRK]
Boksem, M. A. S., Meijman, T. F. & Lorist, M. M. (2006) Mental fatigue, motivation,
and action monitoring. Biological Psychology 72(2):123–32. [arRK]
Boksem, M. A. S. & Tops, M. (2008) Mental fatigue: Costs and beneﬁts. Brain
Research Reviews 59(1):125–39. doi:10.1016/j.brainresrev.2008.07.001.
[aRK, CBH, MH, HMH, MT]
References/Kurzban et al.: An opportunity cost model of subjective effort and task performance
716 BEHAVIORAL AND BRAIN SCIENCES (2013) 36:6
Bonato, M. (2012) Neglect and extinction depend greatly on task demands: A review.
Frontiers in Human Neuroscience 6:195. [MB]
Bonato, M., Priftis, K., Marenzi, R., Umiltà, C. & Zorzi, M. (2010) Increased
attentional demands impair contralesional space awareness following stroke.
Neuropsychologia 48:3934–40. [MB]
Bonato, M., Priftis, K., Marenzi, R., Umiltà, C. & Zorzi, M. (2012a) Deﬁcits of
contralesional awareness: A case study on what paper-and-pencil tests neglect.
Neuropsychology 26:20–36. [MB]
Bonato, M., Priftis, K., Umiltà, C. & Zorzi, M. (2013) Computer-based attention-
demanding testing unveils severe neglect in apparently intact patients. Behav-
ioural Neurology 26:179–81. [MB]
Bonato, M., Sella, F., Berteletti, I. & Umiltà, C. (2012b) Neuropsychology is nothing
without control: A potential fallacy hidden in clinical studies. Cortex 48:353–55.
[MB]
Botvinick, M. M. (2007) Conﬂict monitoring and decision making: Reconciling two
perspectives on anterior cingulate function.Cognitive, Affective, and Behavioral
Neuroscience 7(4):356–66. [aRK]
Botvinick, M. M. (2008) Hierarchical models of behavior and prefrontal function.
Trends in Cognitive Science 12(5):201–208. [aRK]
Botvinick, M. M. (2012) Hierarchical reinforcement learning and decision making.
Current Opinion in Neurobiology 22:956–62. doi:10.1016/j.conb.2012.05.008.
[CBH]
Botvinick, M. M., Braver, T. S., Barch, D. M., Carter, C. S. & Cohen, J. D. (2001)
Conﬂict monitoring and cognitive control. Psychological Review 108(3):624–52.
[aRK, MI]
Botvinick, M. M., Cohen, J. D. & Carter, C. S. (2004) Conﬂict monitoring and
anterior cingulate cortex: An update. Trends in Cognitive Sciences 8:539–46.
doi:10.1016/j.tics.2004.10.003. [CBH]
Botvinick, M. M., Huffstetler, S. & McGuire, J. T. (2009) Effort discounting in
human nucleus accumbens. Cognitive, Affective, and Behavioral Neuroscience 9
(1):16–27. doi:10.3758/CABN.9.1.16. [aRK, WK, JAW]
Botvinick, M. M., Jha, A. P., Bylsma, L. M., Fabian, S. A., Solomon, P. E. &
Prkachin, K. M. (2005) Viewing facial expressions of pain engages cortical
areas involved in the direct experience of pain. NeuroImage 25(1):312–19.
[aRK]
Boyer, P. (2008) Evolutionary economics of mental time travel? Trends in Cognitive
Science 12(6):219–24. [KLH]
Brain, W. R. (1951) Mind, perception, and science. Blackwell. [aRK]
Braver, T. S., Barch, D. M. & Cohen, J. D. (1999) Cognition and control in
schizophrenia: A computational model of dopamine and prefrontal function.
Biological Psychiatry 46(3):312–28. [aRK]
Brehm, J. W. & Cohen, A. R. (1962) Explorations in cognitive dissonance. John
Wiley. [GA]
Brehm, J. W. & Miron, A. (2007) Evidence that positive and negative affect are
mutually exclusive. Paper presented at the Association for Psychological Science
19th Annual Convention, Washington, D.C., May 24–27, 2007. [AI-N]
Brehm, J. W. & Self, E. A. (1989) The intensity of motivation. Annual Review of
Psychology 40(1):109–31. [GHEG, RAW]
Brehm, J. W., Wright, R. A., Solomon, S., Silka, L. & Greenberg, J. (1983) Perceived
difﬁculty, energization, and the magnitude of goal valence. Journal of Exper-
imental Social Psychology 19:21–48. doi: 10.1016/0022-1031(83)90003-3.
[GHEG]
Britz, J., Van De Ville, D. & Michel, C. M. (2010) BOLD correlates of EEG topo-
graphy reveal rapid resting-state network dynamics. NeuroImage 52(4):1162–
70. [ADC]
Brockner, J., Shaw, M. C. & Rubin, J. Z. (1979) Factors affecting withdrawal from an
escalating conﬂict: Quitting before it’s too late. Journal of Experimental Social
Psychology 15:492–503. doi:10.1016/0022-1031(79)90011-8. [CBH]
Buchsbaum, B. R., Greer, S., Chang, W. L. & Berman, K. F. (2005) Meta-analysis of
neuroimaging studies of the Wisconsin card-sorting task and component pro-
cesses. Human Brain Mapping 25(1):35–45. [aRK]
Buehler, R., Grifﬁn, D. & Ross, M. (1994) Exploring the “planning fallacy”:
Why people underestimate their task completion times. Journal of
Personal and Social Psychology 67:366–81. doi: 10.1037/0022-3514.67.3.366.
[MH]
Bullmore, E. & Sporns, O. (2012) The economy of brain network organization.
Nature Reviews Neuroscience 13(5):336–49. [AB]
Burnham, T. & Phelan, J. (2000)Mean genes: From sex to money to food: Taming our
primal instincts. Perseus. [aRK]
Bush, G., Vogt, B. A., Holmes, J., Dale, A. M., Greve, D., Jenike, M. A. & Rosen, B. R.
(2002) Dorsal anterior cingulate cortex: A role in reward-based decision making.
Proceedings of the National Academy of Sciences USA 99(1):523–28. [aRK]
Buss, D. M. (1989) Sex differences in human mate preferences: Evolutionary
hypotheses tested in 37 cultures. Behavioral and Brain Sciences 12(1):1–14.
[aRK]
Buss, D. M., Larsen, R. J., Westen, D. & Semmelroth, J. (1992) Sex differences in
jealousy: Evolution, physiology, and psychology. Psychological Science 3
(4):251–55. [aRK]
Cabeza, R. & Nyberg, L. (2000) Imaging cognition II: An empirical review of 275
PET and fMRI studies. Journal of Cognitive Neuroscience 12(1):1–47. [aRK]
Cacioppo, J. T. & Petty, R. E. (1982) The need for cognition. Journal of Personality
and Social Psychology 42(1):116–31. [JAW, rRK]
Camille, N., Grifﬁths, C. A., Vo, K., Fellows, L. K. & Kable, J. W. (2011) Ventro-
medial frontal lobe damage disrupts value maximization in humans. Journal of
Neuroscience 31(20):7527–32. [aRK]
Carlson, C. L. & Tamm, L. (2000) Responsiveness of children with attention deﬁcit-
hyperactivity disorder to reward and response cost: Differential impact on
performance and motivation. Journal of Consulting and Clinical Psychology
68(1):73–83. doi:10.1037//0022-006X.68.1.73. [HMH]
Carmichael, S. T. & Price, J. L. (1995) Sensory and premotor connections of the
orbital and medial prefrontal cortex of macaque monkeys. Journal of
Comparative Neurology 363:642–64. [MT]
Carter, E. C. & McCullough, M. E. (submitted) Publication bias and the limited
strength model of self-control: Has the evidence for ego depletion been over-
estimated? [ECC]
Casey, B. J., Somerville, L. H., Gotlib, I., Ayduk, O., Franklin, N., Askren, M. K.,
Jonides, J., Berman, M. G., Wilson, N. L., Teslovich, T., Glover, G., Zayas, V.,
Mischel, W. & Shoda, Y. (2011) Behavioral and neural correlates of delay of
gratiﬁcation 40 years later. Proceedings of the National Academy of Sciences
USA 108(36):14998–15003. [VZ]
Chambers, E. S., Bridge, M. W. & Jones, D. A. (2009) Carbohydrate sensing in the
human mouth: Effects on exercise performance and brain activity. The Journal
of Physiology 587(8):1779–94. [aRK]
Charnov, E. L. (1976) Optimal foraging, the marginal value theorem. Theoretical
Population Biology 9(2):129–36. [arRK]
Chuah, Y. M. L., Venkatraman, V., Dinges, D. F. & Chee, M. W. L. (2006) The
neural basis of interindividual variability in inhibitory efﬁciency after sleep
deprivation. Journal of Neuroscience 26(27):7156–62. [MT]
Cialdini, R. B., Schaller, M., Houlihan, D., Arps, K., Fultz, J. & Beaman, A. L. (1987)
Empathy-based helping: Is it selﬂessly or selﬁshly motivated? Journal of Per-
sonality and Social Psychology 52:749–58. [aRK]
Cisek, P. (2007) Cortical mechanisms of action selection: The affordance compe-
tition hypothesis. Philosophical Transactions of the Royal Society, B: Biological
Sciences 362:1585–99. [AB]
Clapton, E. (1974) Give me strength. In: 461 Ocean Boulevard. (Sound Recording).
Los Angeles: RSO. [JMDH]
Clarke, D. D. & Sokoloff, L. (1998) Circulation and energy metabolism of the brain.
In: Basic neurochemistry: Molecular, cellular, and medical aspects, 6th edition,
ed. G. J. Siegel, B. W. Agranoff, R. W. Albers & P. B. Molinoff, pp. 637–69.
Lippincott-Raven. [aRK]
Clarkson, J. J., Hirt, E. R., Austin Chapman, D. & Jia, L. (2011) The impact of
illusory fatigue on executive control: Do perceptions of depletion impair
working memory capacity? Social Psychological and Personality Science 2:231–
38. [rRK]
Clarkson, J. J., Hirt, E. R., Jia, L. & Alexander, M. B. (2010) When perception is
more than reality: The effects of perceived versus actual resource depletion on
self-regulatory behavior. Journal of Personality and Social Psychology 98:29–46.
[DCM, rRK]
Cocker, P. J., Hosking, J. G., Benoit, J. & Winstanley, C. A. (2012) Sensitivity to
cognitive effort mediates psychostimulant effects on a novel rodent cost-beneﬁt
decision-making task. Neuropsychopharmacology 37(8):1825–37. doi:10.1038/
npp.2012.30. [JAW]
Cohen, J. D., McClure, S. M. & Yu, A. J. (2007) Should I stay or should I go? How
the human brain manages the trade-off between exploitation and exploration.
Philosophical Transactions of the Royal Society, B: Biological Sciences 362
(1481):933–42. [aRK]
Cole, M. W., Yarkoni, T., Repovs, G., Anticevic, A. & Braver, T. S. (2012) Global
connectivity of prefrontal cortex predicts cognitive control and intelligence.
Journal of Neuroscience 32(26):8988–99. [ADC]
Converse, P. D. & DeShon, R. P. (2009) A tale of two tasks: Reversing the self-
regulatory resource depletion effect. Journal of Applied Psychology 94(5):1318–
24. [aRK, GA]
Coricelli, G., Critchley, H. D., Jofﬁly, M., O’Doherty, J. P., Sirigu, A. & Dolan, R. J.
(2005) Regret and its avoidance: A neuroimaging study of choice behavior.
Nature Neuroscience 8(9):1255–62. [AN]
Cosmides, L. & Tooby, J. (1994) Better than rational: Evolutionary psychology and
the invisible hand. American Economic Review 84(2):327–32. [rRK]
Cosmides, L. & Tooby, J. (2000) Evolutionary psychology and the emotions. In:
Handbook of emotions, 2nd edition, ed. M. Lewis & J. M. Haviland-Jones,
pp. 91–115. Guilford. [rRK]
Coull, J. T., Frackowiak, R. S. & Frith, C. D. (1998) Monitoring for target objects:
Activation of right frontal and parietal cortices with increasing time on task.
Neuropsychologia 36(12):1325–34. [aRK, MT]
Courtney, S. M. (2004) Attention and cognitive control as emergent properties of
information representation in working memory. Cognitive, Affective, and
Behavioral Neuroscience 4(4):501–16. [aRK]
References/Kurzban et al.: An opportunity cost model of subjective effort and task performance
BEHAVIORAL AND BRAIN SCIENCES (2013) 36:6 717
Craig, A. D. (2002) How do you feel? Interoception: The sense of the physiological
condition of the body. Nature Reviews Neuroscience 3(8):655–66. [ADC]
Craig, A. D. (2003) Interoception: The sense of the physiological condition of the
body. Current Opinion in Neurobiology 13:500–505. [MT]
Craig, A. D. (2009) How do you feel – now? The anterior insula and human aware-
ness. Nature Reviews Neuroscience 10:59–70. [ADC]
Craig, A. D. (2010) The sentient self. Brain Structure and Function 214(5–6):563–
77. [ADC]
Craig, A. D. (2011) Signiﬁcance of the insula for the evolution of human awareness of
feelings from the body. Annals of the New York Academy of Sciences 1225:72–
82. [ADC]
Critchley, H. D., Wiens, S., Rotshtein, P., Ohman, A. & Dolan, R. J. (2004) Neural
systems supporting interoceptive awareness. Nature Neuroscience 7:189–95.
[MT]
Croxson, P. L., Walton, M. E., O’Reilly, J. X., Behrens, T. E. & Rushworth, M. F.
(2009) Effort-based cost-beneﬁt valuation and the human brain. Journal of
Neuroscience 29(14):4531–41. [aRK, KLH]
Csikszentmihalyi, M. (1990) Flow: The psychology of optimal experience. Harper and
Row. [GA]
Csikszentmihalyi, M., Abuhamdeh, S. & Nakamura, J. (2005) Flow. In: Handbook of
competence and motivation, ed. A. J. Elliot & C. S. Dweck, pp. 598–608. The
Guilford Press. [rRK]
Dar, R., Stronguin, F., Marouani, R., Krupsky, M. & Frenk, H. (2005) Craving to
smoke in orthodox Jewish smokers who abstain on the Sabbath: A comparison to
a baseline and a forced abstinence workday. Psychopharmacology 183:294–99.
[GA]
D’Ardenne, K., McClure, S. M., Nystrom, L. E. & Cohen, J. D. (2008) BOLD
responses reﬂecting dopaminergic signals in the human ventral tegmental area.
Science 319(5867):1264–67. [aRK]
D’Esposito, M., Postle, B. R. & Rypma, B. (2000) Prefrontal cortical contributions to
working memory: Evidence from event-related fMRI studies. Experimental
Brain Research 133(1):3–11. [aRK]
Damasio, A. R. (1999) The feelings of what happens: Body and emotion in the making
of consciousness. Houghton Mifﬂin Harcourt. [aRK]
Davies, D. R. & Parasuraman, R. (1982) The psychology of vigilance. Academic
Press. [aRK]
Daw, N. D. & Doya, K. (2006) The computational neurobiology of learning and
reward. Current Opinion in Neurobiology 16:199–204. [GA]
de Graaf, J. B., Gallea, C., Pailhous, J., Anton, J. L., Roth, M. & Bonnard, M. (2004)
Awareness of muscular force during movement production: An fMRI study.
NeuroImage 21:1357–67. [MT]
Deci, E. L. & Ryan, R. M. (2000) The “what” and “why” of goal pursuits: Human
needs and the self-determination of behavior. Psychological Inquiry 11:227–68.
[DCM]
Dehaene, S., Spelke, E., Pinel, P., Stanescu, R. & Tsivkin, S. (1999) Sources of
mathematical thinking: Behavioral and brain-imaging evidence. Science. 284
(5416):970–74. [aRK]
Denker, A. & Rizzoli, S. O. (2010) Synaptic vesicle pools: An update. Frontiers in
Synaptic Neuroscience 2:135. doi: 10.3389/fnsyn.2010.0013. [AB]
Derrfuss, J., Brass, M., Neumann, J. & von Cramon, D. Y. (2005) Involvement of the
inferior frontal junction in cognitive control: Meta-analyses of switching and
Stroop studies. Human Brain Mapping 25(1):22–34. [aRK]
Desimone, R. & Duncan, J. (1995) Neural mechanisms of selective visual attention.
Annual Review of Neuroscience 18:193–222. [aRK]
DeWall, C. N., Baumeister, R. F., Stillman, T. F. & Gailliot, M. T. (2007) Violence
restrained: Effects of self-regulation and its depletion on aggression. Journal of
Experimental Social Psychology 43(1):62–76. [aRK]
Dewitte, S., Bruyneel, S. D. & Geyskens, K. (2009) Self-regulating enhances self-
regulation in subsequent consumer decisions involving similar response con-
ﬂicts. Journal of Consumer Research 36(3):394–405. [aRK, SDB]
Diamond, J. (1997) Why is sex fun? The evolution of human sexuality. Basic Books.
[aRK]
Diener, E. & Iran-Nejad, A. (1986) The relationship in experience between various
types of affect. Journal of Personality and Social Psychology 50:1031–38.
doi:10.1037//0022-3514.50.5.1031. [AI-N]
Dodge, R. (1917) The laws of relative fatigue. Psychological Review 24(2):89–113.
[aRK]
Dollard, J. & Miller, N. E. (1950) Personality and psychotherapy: An analysis in
terms of learning, thinking, and culture. McGraw-Hill. [GA]
Dosenbach, N. U. F., Fair, D. A., Miezin, F. M., Cohen, A. L., Wenger, K. K.,
Dosenbach, R. A. T., Fox, M. D., Snyder, A. Z., Vincent, J. L., Raichle, M. E.,
Schlaggar, B. L. & Petersen, S. E. (2007) Distinct brain networks for adaptive
and stable task control in humans. Proceedings of the National Academy of
Sciences USA 104:11073–78. doi:10.1073/pnas.0704320104. [CBH]
Duncan, J. (2001) An adaptive coding model of neural function in prefrontal cortex.
Nature Reviews Neuroscience 2(11):820–29. [aRK]
Dunn, B. D., Evans, D., Makarova, D., White, J. & Clark, L. (2012) Gut feelings and
the reaction to perceived inequity: The interplay between bodily responses,
regulation, and perception shapes the rejection of unfair offers on the ulti-
matum game. Cognitive, Affective, and Behavioral Neuroscience 12(3):419–29.
[ADC]
Ebner, N. C., Freund, A. M. & Baltes, P. B. (2006) Developmental changes in
personal goal orientation from young to late adulthood: From striving for gains
to maintenance and prevention of losses. Psychology and Aging 21:664–78. doi:
10.1037/0882-7974.21.4.664. [MH]
Egger, M., Davey Smith, G., Scheider, M. &Minder, C. (1997) Bias in meta-analysis
detected by a simple, graphical test. British Medical Journal 316:629–34. [ECC]
Eigsti, I., Zayas, V., Mischel, W., Shoda, Y., Ayduk, O., Dadlani, M. B., Davidson, M.
C., Lawrence Aber, J. & Casey, B. J. (2006) Attentional control in preschool
predicts cognitive control at age eighteen. Psychological Science 17:478–84. [VZ]
Eisenberger, R. (1992) Learned industriousness. Psychological Review 99(2):248–
67. [arRK]
Eisenberger, R. & Masterson, F. A. (1983) Required high effort increases sub-
sequent persistence and reduces cheating. Journal of Personality and Social
Psychology 44(3):593–99. [aRK]
Eldar, E., Cohen, J.D., & Niv, Y. (2013) The effects of neural gain on attention and
learning. Nature Neuroscience 16: 1146–53. [NJM]
Erickson, K. I., Milham, M. P., Colcombe, S. J., Kramer, A. F., Banich, M. T., Webb,
A. & Cohen, N. J. (2004) Behavioral conﬂict, anterior cingulate cortex, and
experiment duration: Implications of diverging data. Human Brain Mapping
21:98–107. doi:10.1002/hbm.10158. [CBH]
Evans, J. St. B. T. (2008) Dual-processing accounts of reasoning, judgment, and
social cognition. Annual Review of Psychology 59:255–78. [aRK]
Fairclough, S. H. (2001) Mental effort regulation and the functional impairment of
the driver. In: Stress, workload and fatigue, ed. P. A. Hancock & P. A.
Desmond, pp. 479–502. Erlbaum. [RAW]
Fairclough, S. H. & Houston, K. (2004) A metabolic measure of mental effort.
Biological Psychology 66(2):177–90. [aRK]
Fan, J., McCandliss, B. D., Sommer, T., Raz, A. & Posner, M. I. (2002) Testing the
efﬁciency and independence of attentional networks. Journal of Cognitive
Neuroscience 14(3):340–47. [aRK]
Fehr, E., Goette, L. & Zehnder, C. (2009) A behavioral account of the labor
market: The role of fairness concerns. Annual Review of Economics 1:355–84.
[aRK]
Fellows, L. K. & Farah, M. J. (2007) The role of ventromedial prefrontal cortex in
decision making: Judgment under uncertainty or judgment per se? Cerebral
Cortex 17(11):2669–74. [aRK]
Ferguson, M. J. (2008) On becoming ready to pursue a goal you don’t know you have:
Effects of nonconscious goals on evaluative readiness. Journal of Personality
and Social Psychology 95:1268–94. [VZ]
Fisk, A. D. & Schneider, W. (1983) Category and word search: Generalizing search
principles to complex processing. Journal of Experimental Psychology: Learn-
ing, Memory, and Cognition 9:177–95. [MT]
Fitzgerald, T. H., Friston, K. J. & Dolan, R. J. (2012) Action-speciﬁc value signals in
reward-related regions of the human brain. Journal of Neuroscience 32:3254–
12. [ADC]
Fliessbach, K., Weber, B., Trautner, P., Dohmen, T., Sunde, U., Elger, C. E. & Falk,
A. (2007) Social comparison affects reward-related brain activity in the human
ventral striatum. Science 318(5854):1305–308. [aRK]
Fodor, J. A. (1983) The modularity of mind: An essay on faculty psychology. MIT
Press. [aRK]
Forster, S. & Lavie, N. (2009) Harnessing the wandering mind: The role of per-
ceptual load. Cognition 111:345–55. [MB]
Frederick, S., Loewenstein, G. & O’Donoghue, T. (2002) Time discounting and time
preference: A critical review. Journal of Economic Literature 40(2):351–401.
[JAW]
Frederick, S., Novemsky, N., Wang, J., Dhar, R. & Nowlis, S. (2009) Opportunity
cost neglect. Journal of Consumer Research 36: 553–61. [rRK]
Freedman, D. J., Riesenhuber, M., Poggio, T. & Miller, E. K. (2001) Categorical
representation of visual stimuli in the primate prefrontal cortex. Science 291
(5502):312–16. [aRK]
Freitas, A. L., Liberman, N. & Higgins, E. T. (2002) Regulatory ﬁt and resisting
temptation during goal pursuit. Journal of Experimental Social Psychology
38:291–98. [DCM]
Freund, A. M., Hennecke, M. &Mustaﬁc, M. (2012) On gains and losses, means and
ends: Goal orientation and goal focus across adulthood. In: The Oxford hand-
book of human motivation, ed. R. M. Ryan, pp. 280–300. Oxford University
Press. [MH]
Friedman, N. P. & Miyake, A. (2004) The relations among inhibition and interfer-
ence control functions: A latent-variable analysis. Journal of Experimental
Psychology:General 133(1):101–35. [aRK]
Friedman, N. P., Miyake, A., Corley, R. P., Young, S. E., Defries, J. C. & Hewitt, J.
K. (2006) Not all executive functions are related to intelligence. Psychological
Science 17(2):172–79. [aRK]
Fudenberg, D. & Levine, D. (2006) A dual-self model of impulse control. American
Economic Review 96:1449–76. [GA]
References/Kurzban et al.: An opportunity cost model of subjective effort and task performance
718 BEHAVIORAL AND BRAIN SCIENCES (2013) 36:6
Fujita, K. (2011) On conceptualizing self-control as more than the effortful inhibition
of impulses. Personality and Social Psychology Review 15:352–66. [VZ]
Funahashi, S., Bruce, C. J. & Goldman-Rakic, P. S. (1989) Mnemonic coding of
visual space in the monkey’s dorsolateral prefrontal cortex. Journal of Neuro-
physiology 61(2):331–49. [aRK]
Fuster, J. M. (1997) Network memory. Trends in Neuroscience 20(10):451–59.
[aRK]
Gailliot, M. T. & Baumeister, R. F. (2007) The physiology of willpower: Linking
blood glucose to self-control. Personality and Social Psychology Review 11
(4):303–27. [aRK, NH, DN]
Gailliot, M. T., Baumeister, R. F., DeWall, C. N., Maner, J. K., Plant, E. A., Tice, D.
M. & Schmeichel, B. J. (2007) Self-control relies on glucose as a limited energy
source: Willpower is more than a metaphor. Journal of Personality and Social
Psychology 92(2):325–36. [aRK, MI]
Gallistel, C. R. (1990) The organization of learning: Learning, development, and
conceptual change. MIT Press. [aRK]
Gendolla, G. H. E. & Richter, M. (2010) Effort mobilization when the self is
involved: Some lessons from the cardiovascular system. Review of General
Psychology 14:212–26. [GHEG]
Gendolla, G. H. E. & Wright, R. A. (2009) Effort. In: Oxford companion to the
affective sciences, ed. D. Sander & K. R. Scherer, pp. 134–35. Oxford University
Press. [GHEG]
Gendolla, G. H. E., Wright, R. A. & Richter, M. (2012) Effort intensity: Some
insights from the cardiovascular system. In: The Oxford handbook of motivation,
ed. R. M. Ryan, pp. 420–38. Oxford University Press. [GHEG]
Gervais, W. M. & Norenzayan, A. (2012) Like a camera in the sky? Thinking about
God increases public self-awareness and socially desirable responding. Journal
of Experimental Social Psychology 48:298–302. [JMDH]
Gibson, E. L. (2007) Carbohydrates and mental function: Feeding or impeding the
brain? Nutrition Bulletin 32(Suppl. I):71–83. [arRK]
Gibson, E. L. & Green, M. W. (2002) Nutritional inﬂuences on cognitive function:
Mechanisms of susceptibility. Nutrition Research Reviews 15(1):169–206.
[aRK]
Gibson, W. R. B. (1900) The principles of least action as a psychological principle.
Mind 9:469–95. doi:10.1093/mind/IX.36.469. [GHEG]
Gilbert, D. T. & Wilson, T. D. (2007) Prospection: Experiencing the future. Science
317(5843):1351–54. [aRK]
Glimcher, P. W. (2003) Decisions, uncertainty and the brain: The science of neu-
roeconomics. MIT Press. [aRK]
Gluth, S., Rieskamp, J. & Buchel, C. (2012) Deciding when to decide: Time-variant
sequential sampling models explain the emergence of value-based decisions in
the human brain. Journal of Neuroscience 32(31):10686–98. [ADC]
Goel, V. (2007) Anatomy of deductive reasoning. Trends in Cognitive Science 11
(10):435–41. [aRK]
Goldman-Rakic, P. S. (1996) Regional and cellular fractionation of working memory.
Proceedings of the National Academy of Sciences USA 93(24):13473–80. [aRK]
Goldman-Rakic, P. S., Muly, E. C., III, & Williams, G. V. (2000) D(1) receptors in
prefrontal cells and circuits. Brain Research Reviews 31(2–3):295–301. [aRK]
Gollwitzer, P. M. (1990) Action phases and mind-sets. In: The handbook of motiv-
ation and cognition: Foundations of social behavior, vol. 2, ed. E. T. Higgins &
R. M. Sorrentino, pp. 53–92. Guilford Press. [GHEG]
Gonzalez, C., Best, B., Healy, A. F., Kole, J. A. & Bourne, L. E., Jr. (2011) A cog-
nitive modeling account of simultaneous learning and fatigue effects. Cognitive
Systems Research 12:19–32. [aRK]
Gopher, D., Brickner, M. & Navon, D. (1982) Different difﬁculty manipulations
interact differently with task emphasis: Evidence for multiple resources. Journal
of Experimental Psychology: Human Perception and Performance 8:146–57.
[aRK]
Gopher, D. & Navon, D. (1980) How is performance limited: Testing the notion of
central capacity. Acta Psychologica 46:161–80. [aRK]
Green, L. &Myerson, J. (2004) A discounting framework for choice with delayed and
probabilistic rewards. Psychological Bulletin 130(5):769–92. doi:10.1037/0033-
2909.130.5.769. [JAW]
Green, L., Myerson, J. & McFadden, E. (1997) Rate of temporal discounting
decreases with amount of reward. Memory and Cognition 25(5):715–23.
[JMDH]
Greene, J. & Haidt, J. (2002) How (and where) does moral judgment work? Trends
in Cognitive Sciences 6(12):517–23. [AI-N, rRK]
Grill, H. J. & Kaplan, J. M. (2002) The neuroanatomical axis for control of energy
balance. Frontiers in Neuroendocrinology 23(1):2–40. [aRK]
Grossberg, S. & Merrill, J. W. L. (1992) A neural network model of adaptively timed
reinforcement learning and hippocampal dynamics. Cognitive Brain Research
1:3–38. [PNP]
Gul, F. & Pesendorfer, W. (2004) Self-control, revealed preference and consump-
tion choice. Review of Economic Dynamics 7:243–64. [GA]
Gunzelmann, G., Gross, J. B., Gluck, K. A. & Dinges, D. F. (2009) Sleep deprivation
and sustained attention performance: Integrating mathematical and cognitive
modeling. Cognitive Science 33:880–910. [aRK]
Haber, S. N. (2003) The primate basal ganglia: Parallel and integrative networks.
Journal of Chemical Neuroanatomy 26(4):317–30. [aRK]
Haber, S. N. & Knutson, B. (2009) The reward circuit: Linking primate anatomy and
human imaging. Neuropsychopharmacology 35(1):4–26. [aRK]
Hagger, M. S. (2009) Theoretical integration in health psychology: Unifying ideas
and complimentary explanations. British Journal of Health Psychology 14:189–
94. [MSH]
Hagger, M. S. & Chatzisarantis, N. L. D. (2013) The sweet taste of success: The
presence of glucose in the oral cavity moderates the depletion of self-control
resources. Personality and Social Psychology Bulletin 39:27–41. [MSH, MI]
Hagger, M. S., Wood, C., Stiff, C. & Chatzisarantis, N. L. D. (2009) The strength
model of self-regulation failure and health-related behavior. Health Psychology
Review 3(2):208–38. [aRK]
Hagger, M. S., Wood, C., Stiff, C. & Chatzisarantis, N. L. D. (2010a) Ego depletion
and the strength model of self-control: A meta-analysis. Psychological Bulletin
136(4):495–525. doi:10.1037/a0019486. [arRK, SDB, ECC, MSH, CBH,
HMH, MI, WK, DCM, JM]
Hagger, M. S., Wood, C. W., Stiff, C. & Chatzisarantis, N. L. D. (2010b) Self-
regulation and self-control in exercise: The strength-energy model. Inter-
national Review of Sport and Exercise Psychology 3(1):62–86. [aRK]
Haley, K. J. & Fessler, D. M. T. (2005) Nobody’s watching? Subtle cues can affect
generosity in an anonymous economic game. Evolution and Human Behavior
26: 245–56. [JMDH]
Hancock, P. A. (2013) In search of vigilance: The problem of iatrogenically created
psychological phenomena. American Psychologist 68(2):97–109. [rRK]
Harbaugh, W. T., Mayr, U. & Burghart, D. R. (2007) Neural responses to taxation
and voluntary giving reveal motives for charitable donations. Science 316
(5831):1622–25. [aRK]
Hare, T. A., Camerer, C. F. & Rangel, A. (2009) Self-control in decision-making
involves modulation of the vmPFC valuation system. Science 324(5927):646–48.
[aRK]
Hare, T. A., Camerer, C. F., Knoepﬂe, D. T. & Rangel, A. (2010) Value compu-
tations in ventral medial prefrontal cortex during charitable decision making
incorporate input from regions involved in social cognition. Journal of Neuro-
science 30(2):583–90. [aRK]
Harkins, S. G. (2006) Mere effort as the mediator of the evaluation-performance
relationship. Journal of Personality and Social Psychology 91:436–55. [RAW]
Harrison, J. M. D. & McKay, R. T. (2012) Delay discounting rates are temporally
stable in an Equivalent Present Value procedure using theoretical and Area
Under the Curve analyses. The Psychological Record 62(2):307–20. [JMDH]
Harrison, J. M. D. & McKay, R. T. (2013) Do religious and moral concepts inﬂuence
the ability to delay gratiﬁcation? A priming study. Journal of Articles in Support
of the Null Hypothesis 10(1):25–40. [JMDH]
Hasher, L. & Zacks, R. T. (1979) Automatic and effortful processes in memory.
Journal of Experimental Psychology: General 108:356–88. [MT]
Hasselmo, M. E. (2006) The role of acetylcholine in learning and memory. Current
Opinion in Neurobiology 16:710–15. [AB]
Hasselmo, M. E. & Stern, C. E. (2006) Mechanisms underlying working memory for
novel information. Trends in Cognitive Sciences 10(11):487–93. [AB]
Hayden, B. Y., Pearson, J. M. & Platt, M. L. (2009) Fictive reward signals in the
anterior cingulate cortex. Science 324(5929):948–50. [aRK]
Hayden, B. Y., Pearson, J. M. & Platt, M. L. (2011) Neuronal basis of sequential
foraging decisions in a patchy environment. Nature Neuroscience 14:933–41.
doi:10.1038/nn.2856. [CBH]
Head, H. (1923) The conception of nervous and mental energy (II). Vigilance: A
physiological state of the nervous system. British Journal of Psychology 14:126–
47. [aRK]
Healy, A. F., Kole, J. A., Buck-Gengler, C. J. & Bourne, L. E. (2004) Effects of
prolonged work on data entry speed and accuracy. Journal of Experimental
Psychology: Applied 10:188–99. [aRK]
Heatherton, T. F. & Wagner, D. D. (2011) Cognitive neuroscience of self-regulation
failure. Trends in Cognitive Sciences 15:132–39. doi:10.1016.j.tics.2010.12.005.
[CBH]
Heckhausen, H. & Gollwitzer, P. M. (1987) Thought contents and cognitive func-
tioning in motivational versus volitional status of mind.Motivation and Emotion
11:101–20. doi: 10.1007/BF00992338. [GHEG]
Hedgcock, W. M., Vohs, K. D. & Rao, A. R. (2012) Reducing self-control depletion
effects through enhanced sensitivity to implementation: Evidence from fMRI
and behavioral studies. Journal of Consumer Psychology 22(4):486–95. [aRK]
Hein, G., Silani, G., Preuschoff, K., Batson, C. D. & Singer, T. (2010) Neural
responses to ingroup and outgroup members’ suffering predict individual
differences in costly helping. Neuron 68(1):149–60. [aRK]
Hennecke, M. & Freund, A. M. (in press) Identifying success on the process level
reduces negative effects of prior weight loss on subsequent weight loss during a
low-calorie diet. Applied Psychology: Health and Well-Being. [MH]
Herbert, B. M., Ulbrich, P. & Schandry, R. (2007) Interoceptive sensitivity and
physical effort: Implications for the self-control of physical load in everyday life.
Psychophysiology 44(2):194–202. [ADC]
References/Kurzban et al.: An opportunity cost model of subjective effort and task performance
BEHAVIORAL AND BRAIN SCIENCES (2013) 36:6 719
Hickman, K. L., Stromme, C. & Lippman, L. G. (1998) Learned industriousness:
Replication in principle. Journal of General Psychology 125(3):213–17. [aRK]
Higgins, E. T. (2006) Value from hedonic experience and engagement. Psychological
Review 113(3):439–60. [DCM]
Higgins, E. T. (2008) Regulatory ﬁt. In: Handbook of motivation science, ed. J. Y.
Shah & W. L. Gardner, pp. 356–72. Guilford Press. [DCM]
Hillgruber, A. (1912) Fortlaufende Arbeit und Willensbetätigung [Continuous work
and the will]. Quelle und Meyer. [GHEG]
Hillman, C. H., Erickson, K. I. & Kramer, A. F. (2008) Be smart, exercise your heart:
Exercise effects on brain and cognition. Nature Reviews Neuroscience 9(1):58–
65. [aRK]
Hillman, C. H., Pontifex, M. B., Raine, L. B., Castelli, D. M., Hall, E. E. & Kramer, A.
F. (2009) The effect of acute treadmill walking on cognitive control and academic
achievement in preadolescent children. Neuroscience 159(3):1044–54. [aRK]
Hillman, K. L. & Bilkey, D. K. (2010) Neurons in the rat anterior cingulate cortex
dynamically encode cost-beneﬁt in a spatial decision-making task. Journal of
Neuroscience 30(22):7705–13. [KLH]
Hilty, L., Jancke, L., Luechinger, R., Boutellier, U. & Lutz, K. (2011) Limitation of
physical performance in a muscle fatiguing handgrip exercise is mediated by
thalamo-insular activity. Human Brain Mapping 32(12):2151–60. [ADC]
Hinson, J. M., Jameson, T. L. & Whitney, P. (2003) Impulsive decision making and
working memory. Journal of Experimental Psychology: Learning, Memory, and
Cognition 29:298–306. [SDB]
Hirst, W. & Kalmar, D. (1987) Characterizing attentional resources. Journal of
Experimental Psychology: General 116:68–81. [DN]
Hockey, G. (1983) Stress and fatigue in human performance. Wiley. [MI]
Hockey, G. R. J. (2011) A motivational control theory of cognitive fatigue. In:
Cognitive fatigue: Multidisciplinary perspectives on current research and future
applications, ed. P. L. Ackerman, pp. 167–87. American Psychological Associ-
ation. [aRK, JMDH, CBH]
Hofmann, W., Friese, M. & Strack, F. (2009) Impulse and self-control from a dual-
systems perspective. Perspectives on Psychological Science 4:162–76.
doi:10.1111/j.1745-6924.2009.01116.x. [CBH, VZ]
Hofmann, W., Schmeichel, B. J. & Baddeley, A. D. (2012) Executive functions and
self-regulation. Trends in Cognitive Sciences 3:174–80. [VZ]
Holding, D. H. (1983) Fatigue. In: Stress and fatigue in human performance, ed.
G. Hockey, pp. 145–67. Wiley. [aRK]
Holroyd, C. B. & Coles, M. G. H. (2002) The neural basis of human error processing:
Reinforcement learning, dopamine, and the error-related negativity. Psycho-
logical Review 109:679–709. doi:10.1037//0033-295X.109.4.679. [CBH]
Holroyd, C. B. & Yeung, N. (2012) Motivation of extended behaviors by anterior
cingulate cortex. Trends in Cognitive Sciences 16:122–28. doi:10.1016/j.
tics.2011.12.008. [CBH]
Holzel, B. K., Lazar, S. W., Gard, T., Schuman-Olivier, Z., Vago, D. R. & Ott, U.
(2011) How does mindfulness meditation work? Proposing mechanisms of
action from a conceptual and neural perspective. Perspectives on Psychological
Science 6:537–59. [rRK]
Hommel, J. D., Trinko, R., Sears, R. M., Georgescu, D., Liu, Z., Gao, X. & DiLeone,
R. J. (2006) Leptin receptor signaling in midbrain dopamine neurons regulates
feeding. Neuron 51(6):801–10. [aRK]
Hong, J. & Lee, A. Y. (2008) Be ﬁt and be strong: Mastering self-regulation through
regulatory ﬁt. Journal of Consumer Research 34:682–95. [DCM]
Howe, M. J. A. & Smith, J. (1988) Calendar calculating in “idiots savants”: How do
they do it? British Journal of Psychology 79(3):371–86. [rRK]
Huettel, S. A., Stowe, C. J., Gordon, E. M., Warner, B. T. & Platt, M. L. (2006)
Neural signatures of economic preferences for risk and ambiguity. Neuron 49
(5):765–75. doi:10.1016/j.neuron.2006.01.024. [JAW]
Huizenga, H. M., van der Molen, M. W., Bexkens, A., Bos, M. G. N. & van den
Wildenberg, W. P. M. (2012) Muscle or motivation? A stop-signal study on the
effects of sequential cognitive control. Frontiers in Psychology 3:126.
doi:10.3389/fpsyg.2012.00126. [HMH]
Hull, C. (1943) Principles of behavior. Appleton-Century-Crofts. [GHEG]
Huxtable, Z. L., White, M. H. & McCartor, M. A. (1946) A re-performance and re-
interpretation of the Arai Experiment in mental fatigue with three subjects.
Psychological Monographs 59(5):52. [aRK, DBC]
Hyaﬁl, A., Summerﬁeld, C. & Koechlin, E. (2009) Two mechanisms for task
switching in the prefrontal cortex. The Journal of Neuroscience 29:5135–42.
doi:10.1523/jneurosci.2828-08.2009. [CBH]
Inzlicht, M. & Gutsell, J. N. (2007) Running on empty: Neural signals for self-control
failure. Psychological Science 18(11):933–37. [arRK, MI]
Inzlicht, M. & Schmeichel, B. J. (2012) What is ego depletion? Toward a mechanistic
revision of the resource model of self-control. Perspectives on Psychological
Science 7(5):450–63. doi:10.1177/1745691612454134. [SDB, MI, WK, DCM]
Ioannidis, J. P. A. & Trikalinos, T. A. (2007) An exploratory test for an excess of
signiﬁcant ﬁndings. Clinical Trials 4:245–53. [ECC]
Iran-Nejad, A. (1980) The schema: A structural or a functional pattern. Center for
the Study of Reading Technical Report No. 159. University of Illinois at Urbana–
Champaign. (ERIC Document Reproduction Service No. ED181449). [AI-N]
Iran-Nejad, A. (1989) A nonconnectionist schema theory of understanding surprise-
ending stories. Discourse Processes 12:127–48. doi:110.1080/
01638538909544723. [AI-N]
Iran-Nejad, A. (2000) Knowledge, self-regulation, and the brain-mind cycle of
reﬂection. The Journal of Mind and Behavior 21:67–88. [AI-N]
Iran-Nejad, A. (2012) Affect, self-regulation and moral behavior in body-mind cycle
of reﬂection. Paper presented at the Association for Psychological Science
Annual Convention, Chicago, IL, May 24–27, 2012. [AI-N]
Iran-Nejad, A. & Bordbar, F. (2013) The paradox of the missing function: How
similar is moral mutualism to biofunctional understanding? Behavioral and
Brain Sciences 36(1):93–94. doi:10.1017/S0140525X12000957. [AI-N]
Iran-Nejad, A., Clore, G. L. & Vondruska, R. J. (1984) Affect: A functional per-
spective. The Journal of Mind and Behavior 5:279–310. [AI-N]
Iran-Nejad, A. & Gregg, M. (2001) The brain-mind cycle of reﬂection. Teachers
College Record 103:868–95. [AI-N]
Iran-Nejad, A. & Gregg, M. (2011) The nonsegmental context of segmental
understanding: A biofunctional systems perspective. American Journal of
Educational Studies 4(1):41–60. [AI-N]
Iran-Nejad, A., Marsh, G. E. & Clements, A. C. (1992) The ﬁgure and the ground of
constructive brain functioning: Beyond explicit memory processes. Educational
Psychologist 27:473–92. [AI-N]
Iran-Nejad, A. & Ortony, A. (1984) A biofunctional model of distributed mental
content, mental structures, awareness, and attention. The Journal of Mind and
Behavior 5:171–210. [AI-N]
Iran-Nejad, A. & Ortony, A. (1985) Qualitative and quantitative sources of affect:
How valence and unexpectedness relate pleasantness and preference. Basic and
Applied Social Psychology 6(3):257–78. [AI-N]
James, J. M. & Bolstein, R. (1992) Large monetary incentives and their effect on mail
survey response rates. Public Opinion Quarterly 56(4):442–53. [aRK]
Jansma, J. M., Ramsey, N. F., de Zwart, J. A., van Gelderen, P. & Duyn, J. H. (2007)
fMRI study of effort and information processing in a working memory task.
Human Brain Mapping 28(5):431–40. [ADC]
Jeukendrup, A. E. & Chambers, E. S. (2010) Oral carbohydrate sensing and exercise
performance. Current Opinion in Clinical Nutrition and Metabolic Care 13
(4):447–451. [aRK]
Jensen, O. & Lisman, J. E. (1998) An oscillatory short-term memory buffer model
can account for data on the Sternberg task. The Journal of Neuroscience 18
(24):10688–99. [AB]
Jepma, M. & Nieuwenhuis, S. (2011) Pupil diameter predicts changes in the
exploration-exploitation trade-off: Evidence for the adaptive gain theory.
Journal of Cognitive Neuroscience 23(7):1587–96. [NJM]
Job, V., Dweck, C. S. & Walton, G. M. (2010) Ego depletion – Is it all in your head?
Implicit theories about willpower affect self-regulation. Psychological Science
21(11):1686–93. [arRK, MSH, WH, MI, WK]
Johnston, K., Levin, H.M., Koval, M. J. & Everling, S. (2007) Top-down control-signal
dynamics in anterior cingulate and prefrontal cortex neurons following task
switching. Neuron 53:453–62. doi:10.1016/j.neuron.2006.12.023. [CBH]
Just, M. A., Carpenter, P. A. & Varma, S. (1999) Computational modeling of high-
level cognition and brain function. Human Brain Mapping 8:128–36. [aRK]
Kable, J. W. & Glimcher, P. W. (2007) The neural correlates of subjective
value during intertemporal choice. Nature Neuroscience 10(12):1625–33.
[aRK, JAW]
Kable, J. W. & Glimcher, P. W. (2009) The neurobiology of decision: Consensus and
controversy. Neuron 63(6):733–45. [aRK]
Kahneman, D. (1973) Attention and effort. Prentice-Hall. [aRK, MB, MH, NJM]
Kahneman, D. & Beatty, J. (1966) Pupil diameter and load on memory. Science 154
(3756):1583–85. [NJM, rRK]
Kahneman, D. & Tversky, A. (1982) The simulation heuristic. In: Judgment under
uncertainty: Heuristics and biases, ed. D. Kahneman, P. Slovic & A. Tversky,
pp. 201–208. Cambridge University Press. [AN]
Kahneman, D. & Tversky, A. (1979) Prospect theory: An analysis of decisions under
risk. Econometrica 47:263–91. [MI]
Kamin´ski, J., Brzezicka, A. &Wróbel, A. (2011) Short term memory capacity (7+/−2)
predicted by theta to gamma cycle length ratio. Neurobiology of Learning and
Memory 95:19–23. [AB]
Kanfer, R. (2011) Determinants and consequences of subjective cognitive fatigue.
In: Cognitive fatigue: Multidisciplinary perspectives on current research and
future applications, ed. P. L. Ackerman, pp. 189–207. American Psychological
Association. [aRK, RAW]
Kennerley, S. W., Dahmubed, A. F., Lara, A. H. & Wallis, J. D. (2009) Neurons in
the frontal lobe encode the value of multiple decision variables. Journal of
Cognitive Neuroscience 21(6):1162–78. [aRK, JAW]
Kennerley, S. W., Walton, M. E., Behrens, T. E., Buckley, M. J. & Rushworth, M. F.
(2006) Optimal decision making and the anterior cingulate cortex. Nature
Neuroscience 9(7):940–47. [KLH]
Kerns, J. G. (2006) Anterior cingulate and prefrontal cortex activity in an fMRI study
of trial-to-trial adjustments on the Simon task. NeuroImage 33(1):399–405.
[aRK]
References/Kurzban et al.: An opportunity cost model of subjective effort and task performance
720 BEHAVIORAL AND BRAIN SCIENCES (2013) 36:6
Kerns, J. G., Cohen, J. D., MacDonald, A. W., Cho, R. Y., Stenger, V. A. & Carter, C.
S. (2004) Anterior cingulate conﬂict monitoring and adjustments in control.
Science 303(5660):1023–26. [aRK]
Kirkpatrick, L. A. & Ellis, B. J. (2001) An evolutionary-psychological approach to
self-esteem: Multiple domains and multiple functions. In: Blackwell handbook
of social psychology: Interpersonal processes, ed. G. J. O. Fletcher & M. S.
Clark, pp. 52–77. Blackwell. [aRK]
Kirkpatrick, L. A., Waugh, C. E., Valencia, A. & Webster, G. D. (2002) The func-
tional domain speciﬁcity of self-esteem and the differential prediction of
aggression. Journal of Personality and Social Psychology 82(5):756–67. [aRK]
Klucharev, V., Hytonen, K., Rijpkema, M., Smidts, A. & Fernandez, G. (2009)
Reinforcement learning signal predicts social conformity. Neuron 61(1):140–51.
[aRK]
Koechlin, E. & Hyaﬁl, A. (2007) Anterior prefrontal function and the limits of human
decision-making. Science 318(5850):594–98. [aRK]
Kolb, B. & Whishaw, I. Q. (2003) Fundamentals of human neuropsychology. Worth.
[PNP]
Kollins, S. H. (2003) Delay discounting is associated with substance use in college
students. Addictive Behaviors 28(6):1167–73. doi:10.1016/S0306-4603(02)
00220-4. [JAW]
Kool, W. & Botvinick, M. M. (in press) A labor/leisure trade-off in cognitive control.
Journal of Experimental Psychology: General. [WK]
Kool, W., McGuire, J. T., Rosen, Z. B. & Botvinick, M. M. (2010) Decision making
and the avoidance of cognitive demand. Journal of Experimental Psychology:
General 139(4):665–82. doi:10.1037/a0020198. [aRK, GHEG, MH, WH, CBH,
WK, JAW]
Kool, W., McGuire, J. T., Wang, G. J. & Botvinick, M. M. (2013) Neural and be-
havioral evidence for an intrinsic cost of self-control, PLOS ONE 8(8): e72626.
[WK]
Koole, S. L., Tops, M., Strübin, S., Bouw, J., Schneider, I. K. & Jostmann, N. B. (in
press) The ego ﬁxation hypothesis: Involuntary persistence of self-control. In:
The control within: Motivation and its regulation, ed. J. P. Forgas & E.
Harmon-Jones. Psychology Press. [MT]
Kouneiher, F., Charron, S. & Koechlin, E. (2009) Motivation and cognitive control in
the human prefrontal cortex. Nature Neuroscience 12:939–47. doi:10.1038/
nn.2321. [CBH]
Krebs, R. M., Boehler, C. N. & Woldorff, M. G. (2010) The inﬂuence of reward
associations on conﬂict processing in the Stroop task. Cognition 117(3):341–47.
[aRK]
Krueger, J. M., Rector, D. M., Roy, S., Van Dongen, H. P., Belenky, G. & Panksepp,
J. (2008) Sleep as a fundamental property of neuronal assemblies. Nature
Reviews Neuroscience 9(12):910–19. [AB]
Kruglanski, A. W., Shah, J. Y., Fishbach, A., Friedman, R., Chun, W. Y. & Sleeth-
Keppler, D. (2002) A theory of goal systems. Advances in Experimental Social
Psychology 34:331–78. doi: 10.1177/1088868307303029. [MH]
Kuhnen, C. M. & Knutson, B. (2005) The neural basis of ﬁnancial risk taking.Neuron
47(5):763–70. [aRK]
Kurniawan, I. T., Guitart-Masip, M. & Dolan, R. J. (2011) Dopamine and effort-
based decision making. Frontiers in Neuroscience 5:81. [aRK, NJM]
Kurniawan, I. T., Seymour, B., Talmi, D., Yoshida, W., Chater, N. & Dolan, R. J.
(2010) Choosing to make an effort: The role of striatum in signaling physical
effort of a chosen action. Journal of Neurophysiology 104(1):313–21. [aRK]
Kurzban, R. (2007) Mal’s morals. In: The Psychology of Joss Whedon: An
unauthorized exploration of Buffy, Angel, and Fireﬂy, ed. J. Davidson & L.
Wilson, pp. 7–19. [Psychology of Popular Culture Series]. BenBella Books.
[aRK]
Kurzban, R. (2010a) Does the brain consume additional glucose during self-control
tasks? Evolutionary Psychology 8(2):244–59. [aRK, MSH, MI, NJM, rRK]
Kurzban, R. (2010b) Why everyone (else) is a hypocrite: Evolution and the modular
mind. Princeton University Press. [aRK]
Kurzban, R. (2012) Cheatin’ hearts and loaded guns: The high ﬁtness stakes of
country music lyrics. Review of General Psychology (Special Issue: The Inter-
section of Evolution and Popular Culture) 16:187–91. [aRK]
Labroo, A. & Kim, S. (2009) The “instrumentality” heuristic: Why metacognitive
difﬁculty is desirable during goal pursuit. Psychological Science 20:127–34.
[DCM]
Laird, A. R., McMillan, K. M., Lancaster, J. L., Kochunov, P., Turkeltaub, P. E.,
Pardo, J. V. & Fox, P. T. (2005) A comparison of label-based review and ALE
meta-analysis in the Stroop task. Human Brain Mapping 25(1):6–21. [aRK]
Laird, J. D. (2007) Feelings: The perception of self. Oxford University Press. [ADC]
Landys, M.M., Ramenofsky, M. &Wingﬁeld, J. C. (2006) Actions of glucocorticoids at
a seasonal baseline as compared to stress-related levels in the regulation of per-
iodic life processes. General and Comparative Endocrinology 148:132–49. [MT]
Laran, J. & Janiszewski, C. (2011) Work or fun? How task construal and completion
inﬂuence regulatory behavior. Journal of Consumer Research 37(6):967–83.
[aRK]
Lau, B. & Glimcher, P. W. (2008) Value representations in the primate striatum
during matching behavior. Neuron 58(3):451–63. [aRK]
Lavie, N. (1995) Perceptual load as a necessary condition for selective attention.
Journal of Experimental Psychology: Human Perception and Performance
21:451–68. [MB]
Lavie, N. (2005) Distracted and confused? Selective attention under load. Trends in
Cognitive Sciences 9(2):75–82. [MB]
Lazarus, R. S. (1993) From psychological stress to the emotions: A history of chan-
ging outlooks. Annual Review of Psychology 44(1):1–22. [aRK]
Leary, M. R. & Baumeister, R. F. (2000) The nature and function of self-esteem:
Sociometer theory. Advances in Experimental Social Psychology 32:1–62. [aRK]
Leary, M. R., Tambor, E. S., Terdal, S. K. & Downs, D. L. (1995) Self-esteem as an
interpersonal monitor: The sociometer hypothesis. Journal of Personality and
Social Psychology 68(3):518–30. [aRK]
Lee, D., Rushworth, M. F., Walton, M. E., Watanabe, M. & Sakagami, M. (2007)
Functional specialization of the primate frontal cortex during decision making.
Journal of Neuroscience 27(31):8170–73. [aRK]
Lee, L., Amir, O. & Ariely, D. (2009) In search of homo economicus: Cognitive noise
and the role of emotion in preference consistency. Journal of Consumer
Research 36:173–87. [SDB]
Lennie, P. (2003) The cost of cortical computation. Current Biology 13:493–97.
[rRK]
Lewis, M. (2012) Obama’s way. Vanity Fair, October 5, 2012. Available at: http://
www.vanityfair.com/politics/2012/10/michael-lewis-proﬁle-barack-obama.
[rRK]
Lim, J., Wu, W. C., Wang, J., Detre, J. A., Dinges, D. F. & Rao, H. (2010) Imaging
brain fatigue from sustained mental workload: An ASL perfusion study of the
time-on-task effect. NeuroImage 49(4):3426–35. [aRK]
Lisman, J. E. & Idiart, M. (1995) Storage of 7+/-2 short-term memories in oscillatory
subcycles. Science 267:10. [AB]
Logan, G. D. (1985) Skill and automaticity: Relations, implications, and future
directions. Canadian Journal of Psychology 39:367–86. [PNP]
Logie, R. H. (2011) The functional organization and capacity limits of working
memory. Current Directions in Psychological Science 20(4):240–45. [AB]
Loomes, G. & Sugden, R. (1982) Regret theory: An alternative theory of rational
choice under uncertainty. The Economic Journal 92(368):805–24. [AN]
Lorist, M. M., Boksem, M. A. S. & Ridderinkhof, K. R. (2005) Impaired cognitive
control and reduced cingulate activity during mental fatigue. Brain Research.
Cognitive Brain Research 24(2):199–205. doi:10.1016/j.cogbrainres.2005.01.018.
[arRK, HMH]
Lorist, M. M., Klein, M., Nieuwenhuis, S., Jong, R., Mulder, G. & Meijman, T. F.
(2000) Mental fatigue and task control: Planning and preparation. Psychophy-
siology 37(5):614–25. [aRK]
Luria, A. R. (1966) Higher cortical functions in man. Tavistock. [PNP]
Luria, A. R. (1982) Variations of the “frontal” syndrome. In: Functions of the frontal
lobes of the brain, ed. A. R. Luria & E. D. Homskaya, pp. 8–48. Nauka.
(In Russian). [PNP]
Luu, P., Jiang, Z., Poulsen, C., Mattson, C., Smith, A. & Tucker, D. M. (2011)
Learning and the development of contexts for action. Frontiers in Human
Neuroscience 5:159. [MT]
Lynn, M. & McCall, M. (2000) Beyond gratitude and gratuity: A meta-analytic
review of the predictors of restaurant tipping. Unpublished manuscript, School
of Hotel Administration, Cornell University. [aRK]
Mackworth, N. H. (1948) The breakdown of vigilance during prolonged visual
search. The Quarterly Journal of Experimental Psychology 1:6–21. [aRK, GA]
MacNeilage, P. F., Rogers, L. J. & Vallortigara, G. (2009) Origins of the left and right
brain. Scientiﬁc American 301(1):60–67. [ADC]
Madden, G. J., Petry, N. M. & Johnson, P. S. (2009) Pathological gamblers discount
probabilistic rewards less steeply than matched controls. Experimental and
Clinical Psychopharmacology 17(5):283–90. doi:10.1037/a0016806. [JAW]
Magen, E. & Gross, J. J. (2007) Harnessing the need for immediate gratiﬁcation:
Cognitive reconstrual modulates the reward value of temptations. Emotion 7
(2):415–28. [arRK]
Magen, E. & Gross, J. J. (2010) Getting our act together: Toward a general model
of self-control. In: Self-control in society, mind and brain, ed. R. Hassin,
K. Ochsner & Y. Trope, pp. 335–53. Oxford University Press. [rRK]
Mansouri, F. A., Tanaka, K. & Buckley, M. J. (2009) Conﬂict-induced behavioural
adjustment: A clue to the executive functions of the prefrontal cortex. Nature
Reviews Neuroscience 10:141–52. doi:10.1038/nrn2538. [CBH]
March, J. G. (1978) Bounded rationality, ambiguity, and the engineering of choice.
Bell Journal of Economics 9:587–610. [GA]
Marcora, S. M., Bosio, A. & de Morree, H. M. (2008) Locomotor muscle fatigue
increases cardiorespiratory responses and reduces performance during intense
cycling exercise independent of metabolic stress. American Journal of Physi-
ology: Regulatory, Integrative and Comparative Physiology 294:874–83. [RAW]
Marr, D. (1982) Vision: A computational investigation into the human representation
and processing of visual information. W. H. Freeman. [arRK]
Martijn, C., Tenbult, P., Merckelbach, H., Dreezens, E. & de Vries, N. K. (2002)
Getting a grip on ourselves: Challenging expectancies about loss of energy after
self-control. Social Cognition 20(6):441–60. [aRK]
References/Kurzban et al.: An opportunity cost model of subjective effort and task performance
BEHAVIORAL AND BRAIN SCIENCES (2013) 36:6 721
Masicampo, E. J. & Baumeister, R. F. (2008) Toward a physiology of dual-process
reasoning and judgment: Lemonade, willpower, and expensive rule-based
analysis. Psychological Science 19(3):255–60. [aRK]
Mazur, J. E. (1987) An adjusting procedure for studying delayed reinforcement. In:
Quantitative analyses of behavior: The effect of delay and intervening events on
reinforcement value, vol. 5, ed. M. L. Commons, J. E. Mazur, J. A. Nevin &
H. Rachlin, pp. 55–73. Erlbaum. [JMDH]
McClure, S. M., Berns, G. S. & Montague, P. R. (2003) Temporal prediction errors
in a passive learning task activate human striatum. Neuron 38(2):339–46. [aRK]
McCullough, M. E. &Willoughby, B. L. B. (2009) Religion, self-regulation, and self-
control: Associations, explanations, and implications. Psychological Bulletin
135:69–93. [JMDH]
McGuire, J. T. & Botvinick, M. M. (2010) Prefrontal cortex, cognitive control, and
the registration of decision costs. Proceedings of the National Academy of
Sciences USA 107(17):7922–26. [aRK, WK, JAW]
McVay, J. C. & Kane, M. J. (2010) Does mind wandering reﬂect executive function
or executive failure? Comment on Smallwood and Schooler (2006) and Watkins
(2008). Psychological Bulletin 136(2):188–97. [rRK]
Mellers, B., Schwartz, A. & Ritov, I. (1999) Emotion-based choice. Journal of
Experimental Psychology: General 128:332–45. [AN]
Menon, V. & Uddin, L. Q. (2010) Saliency, switching, attention and control: A
network model of insula function. Brain Structure and Function 214(5–6):655–
67. [ADC]
Messier, C. (2004) Glucose improvement of memory: A review. European Journal of
Pharmacology 490(1–3):33–57. [aRK]
Metcalfe, J. & Mischel, W. (1999) A hot/cool system analysis of delay of gratiﬁcation:
Dynamics of willpower. Psychological Review 106:3–19. [VZ]
Miele, D. B., Finn, B. & Molden, D. C. (2011) Does easily learned mean easily
remembered? It depends on your beliefs about intelligence. Psychological
Science 22:320–24. [DCM]
Miele, D. B. & Molden, D. C. (2010) Naive theories of intelligence and the role of
processing ﬂuency in perceived comprehension. Journal of Experimental Psy-
chology: General 139:535–57. [DCM]
Mikhail, J. (2007) Universal moral grammar: Theory, evidence and the future.
Trends in Cognitive Sciences 11(4):143–52. [rRK]
Miller, E. K. & Cohen, J. D. (2001) An integrative theory of prefrontal cortex
function. Annual Review of Neuroscience 24(1):167–202. [aRK]
Miller, G. A. (1956) The magical number seven, plus or minus two: Some limits on
our capacity for processing information. Psychological Review 63(2):81–97.
[aRK]
Minsky, M. (1985) The society of mind. Simon & Schuster. [aRK]
Minzenberg, M. J., Watrous, A. J., Yoon, J. H., Ursu, S. & Carter, C. S. (2008)
Modaﬁnil shifts human locus coeruleus to low-tonic, high-phasic activity during
functional MRI. Science 322(5908):1700–702. [NJM]
Mischel, W., Ayduk, O. N., Berman, M., Casey, B. J., Jonides, J., Kross, E., Wilson,
N., Zayas, V. & Shoda, Y. (2011) “Willpower” over the life span: Decomposing
impulse control. Social Cognitive Affective Neuroscience 6:252–56. [VZ]
Mischel, W., Shoda, Y. & Rodriguez, M. L. (1989) Delay of gratiﬁcation in children.
Science 244: 933–38. [rRK]
Mitchell, J. P., Heatherton, T. F., Kelley, W. M., Wyland, C. L., Wegner, D. M. &
Neil Macrae, C. (2007) Separating sustained from transient aspects of cognitive
control during thought suppression. Psychological Science 18(4):292–97. [aRK]
Miyake, A., Friedman, N. P., Emerson, M. J., Witzki, A. H., Howerter, A. & Wager,
T. D. (2000) The unity and diversity of executive functions and their contri-
butions to complex “frontal lobe” tasks: A latent variable analysis. Cognitive
Psychology 41(1):49–100. [aRK]
Molden, D. C. & Dweck, C. S. (2006) Finding “meaning” in psychology: A lay the-
ories approach to self-regulation, social perception, and social development.
American Psychologist 61:192–203. [DCM]
Molden, D. C. & Higgins, E. T. (2012) Motivated thinking. In: The Oxford handbook
of thinking and reasoning, ed. K. Holyoak & B. Morrison, pp. 390–409. Oxford
University Press. [DCM]
Molden, D. C., Hui, C. M., Scholer, A. A., Meier, B. P., Noreen, E. E., D’Agostino,
P. R. &Martin, V. (2012) Motivational versus metabolic effects of carbohydrates
on self-control. Psychological Science 23(10): 1137–44. [aRK, MI, DCM]
Moller, A. C., Deci, E. L. & Ryan, R. M. (2006) Choice and ego-depletion: The
moderating role of autonomy. Personality and Social Psychology Bulletin
32:1024–36. [DCM]
Montague, P. R., Dayan, P. & Sejnowski, T. J. (1996) A framework for mesence-
phalic dopamine systems based on predictive Hebbian learning. Journal of
Neuroscience 16(5):1936–47. [aRK]
Montague, R. (2006a) Why choose this book? How we make decisions. Penguin.
[ADC]
Montague, R. (2006b) Your brain is (almost) perfect: How we make decisions.
Penguin. [rRK]
Monterosso, J., & Ainslie, G. (1999). Beyond discounting: possible experimental
models of impulse control. Psychopharmacology 146(4): 339–47. [JM]
Moore-Ede, M. C. (1986) Physiology of the circadian timing system: Predictive
versus reactive homeostasis. American Journal of Physiology 250(5, Pt 2):R737–
52. [MT]
Moray, N. (1967) Where is capacity limited? A survey and a model. Acta Psycholo-
gica 27:84–92. [aRK]
Moreno, S. G., Sutton, A. J., Ades, A. E., Stanley, T. D., Abrams, K. R., Peters, J. L.
& Cooper, N. J. (2009) Assessment of regression-based methods to adjust for
publication bias through a comprehensive simulation study. BMC Medical
Research Methodology 9:1–17. [ECC]
Moreno, S. G., Sutton, A. J., Thompson, J. R., Ades, A. E., Abrams, K. R. & Cooper,
N. J. (2011) A generalized weighting regression-derived meta-analysis estimator
robust to small-study effects and heterogeneity. Statistics in Medicine 31:1407–
17. [ECC]
Morsella, E., Wilson, L., Berger, C., Honhongva, M., Gazzaley, A. & Bargh, J. (2009)
Subjective aspects of cognitive control at different stages of processing. Atten-
tion, Perception, & Psychophysics 71(8):1807–24. doi:10.3758/APP. [HMH]
Muraven, M. (2008) Autonomous self-control is less-depleting. Journal of Research
in Personality 42:763–70. [DCM]
Muraven, M. & Baumeister, R. F. (2000) Self-regulation and depletion of limited
resources: Does self-control resemble a muscle? Psychological Bulletin 126
(2):247–59. Available at: http://www.ncbi.nlm.nih.gov/pubmed/10748642.
[aRK, HMH, MI, DCM]
Muraven, M., Collins, R. & Neinhaus, K. (2002) Self-control and alcohol restraint:
An initial application of the self-control strength model. Psychology of Addictive
Behaviors 16:113–20. [MI]
Muraven, M., Gagné, M. & Rosman, H. (2008) Helpful self-control: Autonomy
support, vitality, and depletion. Journal of Experimental Social Psychology
44:573–85. [DCM]
Muraven, M., Shmueli, D. & Burkley, E. (2006) Conserving self-control strength.
Journal of Personality and Social Psychology 91(3):524–37. doi:10.1037/0022-
3514.91.3.524. [aRK, CBH]
Muraven, M. & Slessareva, E. (2003) Mechanisms of self-control failure: Motivation
and limited resources. Personality and Social Psychology Bulletin 29(7):894–
906. doi:10.1177/0146167203029007008. [aRK, MSH, WH, CBH, MI]
Muraven, M., Tice, D. M. & Baumeister, R. F. (1998) Self-control as a limited
resource: Regulatory depletion patterns. Journal of Personality and Social
Psychology 74(3):774–89. [aRK, SDB]
Naccache, L., Dehaene, S., Cohen, L., Habert, M. O., Guichart-Gomez, E., Gala-
naud, D. & Willer, J. (2005) Effortless control: Executive attention and con-
scious feeling of mental effort are dissociable.Neuropsychologia 43(9):1318–28.
[aRK]
Nachev, P. (2011) The blind executive. NeuroImage 57:312–13. doi:10.1016/j.neu
roimage.2011.04.025. [CBH]
Nassar, M. R., Rumsey, K. M., Wilson, R. C., Parikh, K., Heasly, B. & Gold, J. I.
(2012) Rational regulation of learning dynamics by pupil-linked arousal systems.
Nature Neuroscience 15:1040–46. [NJM, rRK]
Nassi, J. J. & Callaway, E. M. (2009) Parallel processing strategies of the primate
visual system. Nature Reviews Neuroscience 10(5):360–72. [aRK]
Navon, D. (1984) Resources – A theoretical soup stone? Psychological Review 91
(2):216–34. [arRK, MB, DN, NJM]
Navon, D. (1989) The importance of being visible: On the role of attention in a mind
viewed as an anarchic intelligence system. I. Basic tenets. European Journal of
Cognitive Psychology 1:191–213. [DN]
Navon, D. & Gopher, D. (1979) On the economy of the human-processing system.
Psychological Review 86(3):214–55. [aRK]
Navon, D. & Miller, J. O. (1987) The role of outcome conﬂict in dual-task
interference. Journal of Experimental Psychology: Human Perception and
Performance 13:435–48. [DN]
Nee, D. E., Wager, T. D. & Jonides, J. (2007) Interference resolution: Insights from
a meta-analysis of neuroimaging tasks. Cognitive, Affective, and Behavioral
Neuroscience 7(1):1–17. [aRK]
Nelson, S. M., Dosenbach, N. U., Cohen, A. L., Wheeler, M. E., Schlaggar, B. L. &
Petersen, S. E. (2010) Role of the anterior insula in task-level control and focal
attention. Brain Structure and Function 214(5–6):669–80. [ADC]
Neumann, J., Lohmann, G., Derrfuss, J. & von Cramon, D. Y. (2005) Meta-analysis
of functional imaging data using replicator dynamics. Human Brain Mapping 25
(1):165–73. [aRK]
Newberg, A. B., Wang, J., Rao, H., Swanson, R. L., Wintering, N., Karp, J. S. &
Detre, J. A. (2005) Concurrent CBF and CMRG1c changes during human brain
activation by combined fMRI-PET scanning. NeuroImage 28(2):500–506.
[aRK]
Nicolle, A., Bach, D. R., Frith, C. & Dolan, R. J. (2011a) Amygdala involvement in
self-blame regret. Social Neuroscience 6(2):178–89. [AN]
Nicolle, A., Fleming, S. M., Bach, D. R., Driver, J. & Dolan, R. J. (2011b) A regret-
induced status quo bias. Journal of Neuroscience 31(9):3320. [AN]
Nieder, A. & Dehaene, S. (2009) Representation of number in the brain. Annual
Review of Neuroscience 32:185–208. [aRK]
References/Kurzban et al.: An opportunity cost model of subjective effort and task performance
722 BEHAVIORAL AND BRAIN SCIENCES (2013) 36:6
Niv, Y. (2007) Cost, beneﬁt, tonic, phasic: What do response rates tell us about
dopamine and motivation? Annals of the New York Academy of Sciences
1104:357–76. [NJM]
Niv, Y.,Daw,N.D., Joel,D.&Dayan,P. (2007)Tonic dopamine:Opportunity costs and
the control of response vigor. Psychopharmacology (Berl) 191(3):507–20. [aRK]
Niv, Y., Joel, D. & Dayan, P. (2006) A normative perspective on motivation. Trends
in Cognitive Sciences 10:375–81. [aRK]
Nix, G. A., Ryan, R. M., Manly, J. B. & Deci, E. L. (1999) Revitalization through self-
regulation: The effects of autonomous and controlled motivation on happiness
and vitality. Journal of Experimental Social Psychology 35(3):266–84. [aRK]
O’Connell, K. A., Schwartz, J. E. & Shiffman, S. (2008) Do resisted temptations
during smoking cessation deplete or augment self-control resources? Psychol-
ogy of Addictive Behaviors 22(4):486–95. [aRK]
O’Doherty, J. P., Dayan, P., Friston, K., Critchley, H. & Dolan, R. J. (2003) Tem-
poral difference models and reward-related learning in the human brain.
Neuron 38(2):329–37. [aRK]
Obrist, P. A. (1981) Cardiovascular psychophysiology: A perspective. Plenum Press.
[RAW]
Ochsner, K. N. & Gross, J. J. (2005) The cognitive control of emotion. Trends in
Cognitive Sciences 9(5):242–49. [aRK]
Olivola, C. Y. & Shaﬁr, E. (2013) The Martyrdom Effect: When pain and effort
increase prosocial contributions. Journal of Behavioral Decision Making 26
(1):91–105. doi: 10.1002/bdm.767. [JMDH]
Oosterwijk, S., Lindquist, K. A., Anderson, E., Dautoff, R., Moriguchi, Y. & Barrett,
L. F. (2012) States of mind: Emotions, body feelings, and thoughts share dis-
tributed neural networks. NeuroImage 62(3):2110–28. [ADC]
Orians, G. H. & Heerwagen, J. H. (1992) Evolved responses to landscapes.
In: The adapted mind: Evolutionary psychology and the generation of culture,
ed. J. H. Barkow, L. Cosmides & J. Tooby, pp. 555–79. Oxford University Press.
[aRK]
Orne, M. T. (1962) On the social psychology of the psychological experiment: With
particular reference to demand characteristics and their implications. American
Psychologist 17(11):776–83. [aRK]
Padoa-Schioppa, C. (2011) Neurobiology of economic choice: A good-based model.
Annual Review of Neuroscience 34(1):333–59. doi:10.1146/annurev-neuro-
061010-113648. [JAW]
Padoa-Schioppa, C. & Assad, J. A. (2006) Neurons in the orbitofrontal cortex encode
economic value. Nature 441(7090):223–26. [aRK]
Padoa-Schioppa, C. & Assad, J. A. (2008) The representation of economic value in
the orbitofrontal cortex is invariant for changes of menu. Nature Neuroscience
11(1):95–102. [aRK]
Pashler, H. (1994) Dual task interference in simple tasks: Data and theory.
Psychological Bulletin 116:220–44. [NJM]
Pastoll, H., Solanka, L., van Rossum, M. C. & Nolan, M. F. (2013) Feedback inhi-
bition enables theta-nested gamma oscillations and grid ﬁring ﬁelds. Neuron 77
(1):141–54. [AB]
Paulus, M. P., Flagan, T., Simmons, A. N., Gillis, K., Kotturi, S., Thom, N., Johnson,
D. C., Van Orden, K. F., Davenport, P. W. & Swain, J. L. (2012) Subjecting elite
athletes to inspiratory breathing load reveals behavioral and neural signatures
of optimal performers in extreme environments. PLoSONE 7(1):e29394. [ADC]
Paulus, M. P., Simmons, A. N., Fitzpatrick, S. N., Potterat, E. G., Van Orden, K. F.,
Bauman, J. & Swain, J. L. (2010) Differential brain activation to angry faces by
elite warﬁghters: Neural processing evidence for enhanced threat detection.
PLoS ONE 5(4):e10096. [ADC]
Paulus, M. P. & Stein, M. B. (2006) An insular view of anxiety. Biological Psychiatry
60:382–87. [MT]
Payzan-LeNestour, E., Dunne, S., Bossaerts, P. & O’Doherty, J.P. (2013) The neural
representation of unexpected uncertainty during value-based decision making.
Neuron 79(1):191–201. [NJM]
Paus, T., Zatorre, R. J., Hoﬂe, N., Caramanos, Z., Gotman, J., Petrides, M. & Evans,
A. C. (1997) Time-related changes in neural systems underlying attention and
arousal during the performance of an auditory vigilance task. Journal of Cog-
nitive Neuroscience 9(3):392–408. [aRK, MT]
Persson, J. & Reuter-Lorenz, P. (2010) Training and depletion of executive func-
tions: The case of interference control. Paper presented at the Cognitive
Neuroscience Society Annual Meeting, Montreal, Quebec, April 17–20, 2010.
[aRK]
Persson, J., Welsh, K. M., Jonides, J. & Reuter-Lorenz, P. A. (2007) Cognitive fatigue
of executive processes: Interaction between interference resolution tasks.
Neuropsychologia 45(7):1571–79. [aRK]
Pessiglione, M., Seymour, B., Flandin, G., Dolan, R. J. & Frith, C. D. (2006)
Dopamine-dependent prediction errors underpin reward-seeking behaviour in
humans. Nature 442(7106):1042–45. [aRK]
Pessoa, L. (2009) How do emotion and motivation direct executive control? Trends
in Cognitive Sciences 13(4):160–66. doi:10.1016/j.tics.2009.01.006. [HMH]
Peters, J. & Büchel, C. (2009) Overlapping and distinct neural systems code for
subjective value during intertemporal and risky decision making. Journal of
Neuroscience 29(50):15727–34. [JAW]
Peters, J. & Büchel, C. (2010) Episodic future thinking reduces reward delay dis-
counting through an enhancement of prefrontal-mediotemporal interactions.
Neuron 66(1):138–48. [KLH]
Petrides, M. (2000) The role of the mid-dorsolateral prefrontal cortex in working
memory. Experimental Brain Research 133(1):44–54. [aRK]
Picton, T. W., Stuss, D. T., Alexander, M. P., Shallice, T., Binns, M. A. & Gillingham,
S. (2007) Effects of focal frontal lesions on response inhibition. Cerebral Cortex
17:826–38. doi:10.1093/cercor/bhk031. [CBH]
Pinker, S. (1997) How the mind works. W. W. Norton. [aRK]
Pinker, S. (2002) The blank slate: The modern denial of human nature. Viking. [rRK]
Plassmann, H., O’Doherty, J. & Rangel, A. (2007) Orbitofrontal cortex encodes
willingness to pay in everyday economic transactions. Journal of Neuroscience
27(37):9984–88. [aRK]
Posner, M. I. & Snyder, C. R. R. (1975) Attention and cognitive control. In: Infor-
mation processing and cognition: The Loyola Symposium, ed. R. L. Solso, pp.
55–85. Erlbaum. [aRK]
Posner, M. I. & Petersen, S. E. (1990) The attention system of the human brain.
Annual Review of Neuroscience 13:25–42. [aRK]
Posner, M. I., Snyder, C. R. R. & Davidson, B. J. (1980) Attention and the detection
of signals. Journal of Experimental Psychology: General 109:160–74. [aRK]
Prawat, R. S. (2000) Keep the solution, broaden the problem: Commentary on
“Knowledge, self-regulation, and the brain-mind cycle of reﬂection.” The
Journal of Mind and Behavior 21:89–96. [AI-N]
Preston, J. L., Ritter, R. S. & Hernandez, J. I. (2010) Principles of religious proso-
ciality: A review and reformulation. Social and Personality Psychology Compass
4(8):574–90. doi: 10.1111/j.1751-9004.2010.00286.x. [JMDH]
Prévost, C., Pessiglione, M., Metereau, E., Clery-Melin, M. L. & Dreher, J. C.
(2010) Separate valuation subsystems for delay and effort decision costs. Journal
of Neuroscience 30(42):14080–90. [aRK, MT]
Prudkov, P. N. (1999) Origin of culture: Evolution applied another mechanism.
Psycoloquy 10(37). Available at: http://www.cogsci.soton.ac.uk/cgi/psyc/
newpsy?10.037. [PNP]
Prudkov, P. N. (2005) Motivation rather than imitation determined the appearance
of language. Behavioral and Brain Sciences 28(2):142–43. [PNP]
Quilodran, R., Rothe, M. & Procyk, E. (2008) Behavioral shifts and action valuation
in the anterior cingulate cortex. Neuron 57(2):314–25. [KLH]
Rachlin, H. (2000) The science of self-control. Harvard University Press. [rRK]
Raichle, M. E. & Gusnard, D. A. (2002) Appraising the brain’s energy budget.
Proceedings of the National Academy of Sciences USA 99(16):10237–39. [aRK]
Raichle, M. E., Fiez, J. A., Videen, T. O., MacLeod, A. M., Pardo, J. V., Fox, P. T. &
Petersen, S. E. (1994) Practice-related changes in human brain functional
anatomy during nonmotor learning. Cerebral Cortex 4(1):8–26. [KLH]
Raichle, M. E., MacLeod, A. M., Snyder, A. Z., Powers, W. J., Gusnard, D. A. &
Shulman, G. L. (2001) A default mode of brain function. Proceedings of the
National Academy of Sciences USA 98(2):676–82. [aRK]
Rainer, G. (2007) Behavioral ﬂexibility and the frontal lobe. Neuron 53:321–23.
doi:10.1016/j.neuron.2007.01.015. [CBH]
Rainer, G., Asaad, W. F. & Miller, E. K. (1998) Selective representation of relevant
information by neurons in the primate prefrontal cortex. Nature 393
(6685):577–79. [aRK]
Raizada, R. D. S. & Poldrack, R. A. (2007) Challenge-driven attention:
Interacting frontal and brainstem systems. Frontiers in Human Neuroscience
1:3. [NJM]
Rangel, A., Camerer, C. & Montague, P. R. (2008) A framework for studying the
neurobiology of value-based decision making. Nature Reviews Neuroscience 9
(7):545–56. doi:10.1038/nrn2357. [aRK, JAW]
Rangel, A. & Hare, T. (2010) Neural computations associated with goal-directed
choice. Current Opinion in Neurobiology 20(2):262–70. [aRK]
Rao, S. C., Rainer, G. & Miller, E. K. (1997) Integration of what and where in the
primate prefrontal cortex. Science 276(5313):821–24. [aRK]
Regan, D. T. (1971) Effects of a favor and liking on compliance. Journal of Exper-
imental Social Psychology 7(6):627–39. [aRK]
Richter, M. & Gendolla, G. H. E. (2006) Incentive effects on cardiovascular
reactivity in active coping with unclear task difﬁculty. International Journal of
Psychophysiology 61:216–25. doi: 10.1016/j.ijpsycho.2005.10.003. [GHEG]
Richter, M. & Gendolla, G. H. E. (2009) The heart contracts to reward: Monetary
incentives and preejection period. Psychophysiology 46:451–57. doi: 10.1111/
j.1469-8986.2009.00795.x. [GHEG]
Robbins, T. W. & Arnsten, A. F. T. (2009) The neuropsychopharmacology of fronto-
executive function: Monoaminergic modulation. Annual Review of Neuro-
science 32(1):267–87. [NJM]
Roberti, J. W. (2004) A review of behavioral and biological correlates of sensation
seeking. Journal of Research in Personality 38:256–79. [PNP]
Roberts, S. (2008) Words and ﬁre. In: Love at the End of the World. (Sound
Recording). Montreal: Universal Music. [JMDH]
Robinson, M. D., Schmeichel, B. J. & Inzlicht, M. (2010) A cognitive control per-
spective of self-control strength and its depletion. Social and Personality Psy-
chology Compass 4(3):189–200. [aRK]
References/Kurzban et al.: An opportunity cost model of subjective effort and task performance
BEHAVIORAL AND BRAIN SCIENCES (2013) 36:6 723
Roelofs, A., van Turennout, M. & Coles, M. G. H. (2006) Anterior cingulate cortex
activity can be independent of response conﬂict in Stroop-like tasks. Proceed-
ings of the National Academy of Sciences USA 103:13884–89. doi:10.1073/
pnas.0606265103. [CBH]
Rolfe, J. M. (1971) The secondary task as a measure of mental load. In:Measurement
of man at work, ed. W. T. Singleton, R. S. Easterby & D. E. Whitﬁeld, pp. 135–
48. Taylor & Francis. [aRK]
Romero, L. M., Dickens, M. J. & Cyr, N. E. (2009) The Reactive Scope Model–A
new model integrating homeostasis, allostasis, and stress. Hormones and
Behavior 55(3):375–89. [MT]
Rosenberg, M. S. (2005) The ﬁle-drawer problem revisited: A general weighted
method for calculating fail-safe numbers in meta-analysis. Evolution 59:464–68.
[ECC]
Rounding, K., Lee, A., Jacobson, J. A. & Ji, L.-J. (2012) Religion replenishes self-
control. Psychological Science 23(6):635–42. doi: 10.1177/0956797611431987.
[JMDH]
Rousselet, G. A., Fabre-Thorpe, M. & Thorpe, S. J. (2002) Parallel processing in
high-level categorization of natural images. Nature Neuroscience 5:629–30.
[aRK]
Rozin, P. & Vollmecke, T. A. (1986) Food likes and dislikes. Annual Review of
Nutrition 6(1):433–56. [aRK]
Rudebeck, P. H., Behrens, T. E., Kennerley, S. W., Baxter, M. G., Buckley, M. J.,
Walton, M. E. & Rushworth, F. S. (2008) Frontal cortex subregions play distinct
roles in choices between actions and stimuli. The Journal of Neuroscience 28
(51):13775–85. [aRK, KLH ]
Rudebeck, P. H., Walton, M. E., Smyth, A. N., Bannerman, D. M. & Rushworth, M.
F. (2006) Separate neural pathways process different decision costs. Nature
Neuroscience 9(9):1161–68. [aRK]
Rummelhart, D. E., McClelland, J. L. & The PDP Research Group. (1986) Parallel
distributed processing: Explorations in the microstructure of cognition. Vol. 1.
MIT Press. [aRK]
Russell, S. J. & Norvig, P. (2003) Artiﬁcial intelligence: A modern approach, 2nd
edition. Prentice-Hall. [PNP]
Rutledge, R. B., Lazzaro, S. C., Lau, B., Myers, C. E., Gluck, M. A. & Glimcher, P.
W. (2009) Dopaminergic drugs modulate learning rates and perseveration in
Parkinson’s patients in a dynamic foraging task. Journal of Neuroscience 29
(48):15104–14. [aRK]
Salamone, J. D. & Correa, M. (2012) The mysterious motivational functions of
mesolimbic dopamine. Neuron 76(3):470–85. doi:10.1016/j.neuron.2012.10.021.
[HMH]
Salamone, J. D., Correa, M., Farrar, A. M., Nunes, E. J. & Pardo, M. (2009)
Dopamine, behavioral economics, and effort. Frontiers in Behavioral Neuro-
science 3:13. [aRK]
Salamone, J. D., Correa, M., Nunes, E. J., Randall, P. A. & Pardo, M. (2012) The
behavioral pharmacology of effort-related choice behavior: Dopamine, adeno-
sine and beyond. Journal of the Experimental Analysis of Behavior 97(1):125–
46. doi:10.1901/jeab.2012.97-125. [JAW]
Sallet, J., Quilodran, R., Rothe, M., Vezoli, J., Joseph, J. P. & Procyk, E. (2007)
Expectations, gains, and losses in the anterior cingulate cortex. Cognitive
Affective Behavioral Neuroscience 7(4):327–36. [KLH]
Samejima, K., Ueda, Y., Doya, K. & Kimura, M. (2005) Representation of action-
speciﬁc reward values in the striatum. Science 310(5752):1337–40. [aRK]
Sapolsky, R. M. (2005) The inﬂuence of social hierarchy on primate health. Science
308(5722):648–52. [MT]
Sara, S. J. & Bouret, S. (2012) Orienting and reorienting: The locus coeruleus
mediates cognition through arousal. Neuron 76(1):130–41. [NJM]
Sarter, M. & Parikh, V. (2005) Choline transporters, cholinergic transmission and
cognition. Nature Reviews Neuroscience 6(1):48–56. [AB]
Satyadas, A., Iran-Nejad, A., Chissom, B. & Chen, H. C. (1993) Intelligence: Exact
computation or biofunctional cognition. Bulletin of the Psychonomic Society 31
(3):175–78. [AI-N]
Savage, L. J. (1951) The theory of statistical decision. Journal of the American
Statistical Association 46(253):55–67. [AN]
Savtchenko, L. P., Sylantyev, S. & Rusakov, D. A. (2013) Central synapses release a
resource-efﬁcient amount of glutamate. Nature Neuroscience 16:10–14.
doi:10.1038/nn.3285. [CBH]
Scerbo, M. W. (2001) Stress, workload, and boredom in vigilance: A problem and an
answer. In: Stress, workload, and fatigue, ed. P. A. Hancock & P. A. Desmond,
pp. 267–78. Lawrence Erlbaum. [aRK]
Scerbo, M. W. & Holcomb, J. R. (1993). Effects of signal conspicuity and time on
boredom in vigilance. Paper presented at the First Mid-Atlantic Human Factors
Conference, Virginia Beach, Virginia, February 25–26, 1993. [aRK]
Schimmack, U. (2001) Pleasure, displeasure, and mixed feelings: Are semantic
opposites mutually exclusive? Cognition and Emotion 15(1):81–97. doi:10.1080/
0269993004200123. [AI-N]
Schimmack, U. (2012) The ironic effect of signiﬁcant results on the credibility of
multiple-study articles. Psychological Methods 17(4):551–66. doi: 10.1037/
a0029487. [arRK, ECC, CBH]
Schmeichel, B. J. (2007) Attention control, memory updating, and emotion regu-
lation temporarily reduce the capacity for executive control. Journal of Exper-
imental Psychology: General 136:241–55. [aRK, SDB]
Schmeichel, B. J., Harmon-Jones, C. & Harmon-Jones, E. (2010) Exercising
self-control increases approach motivation. Journal of Personality and Social
Psychology 99:162–73. [MI]
Schmeichel, B. J. & Vohs, K. (2009) Self-afﬁrmation and self-control: Afﬁrming core
values counteracts ego depletion. Journal of Personality and Social Psychology
96:770–82. [aRK, JM]
Schmeichel, B. J., Vohs, K. D. & Baumeister, R. F. (2003) Intellectual performance
and ego depletion: Role of the self in logical reasoning and other information
processing. Journal of Personality and Social Psychology 85:33–46. [SDB]
Schmidt, R. E., Richter, M., Gendolla, G. H. E. & Van der Linden, M. (2010) Young
poor sleepers mobilize extra effort in an easy memory task: Evidence from
cardiovascular measures. Journal of Sleep Research 19:487–95. doi: 10.1111/
j.1365-2869.2010.00834.x. [RAW]
Schneider, F., Gur, R. E., Alavi, A., Seligman, M. E. P., Mozley, L. H., Smith, R. J.,
Mozley, P. D. & Gur, R. C. (1996) Cerebral blood ﬂow changes in limbic
regions induced by unsolvable anagram tasks. American Journal of Psychiatry
153(2):206–12. [aRK]
Scholey, A. B., Harper, S. & Kennedy, D. O. (2001) Cognitive demand and blood
glucose. Physiology and Behavior 73(4):585–92. [aRK]
Schultz, W., Apicella, P. & Ljungberg, T. (1993) Responses of monkey dopamine
neurons to reward and conditioned stimuli during successive steps of learning a
delayed response task. Journal of Neuroscience 13(3):900–13. Available
at: http://www.jneurosci.org/content/13/3/900.full.pdf; Retrieved from:
http://www.ncbi.nlm.nih.gov/pubmed/8441015. [HMH]
Schultz, W., Dayan, P. & Montague, P. R. (1997) A neural substrate of prediction
and reward. Science 275(5306):1593–99. [aRK]
Scott-Phillips, T. C., Dickins, T. E. & West, S. A. (2011) Evolutionary theory and the
ultimate-proximate distinction in the human behavioral sciences. Perspectives
on Psychological Science 6:38–47. [MI]
Sepulcre, J., Sabuncu, M. R., Yeo, T. B., Liu, H. & Johnson, K. A. (2012) Stepwise
connectivity of the modal cortex reveals the multimodal organization of the
human brain. Journal of Neuroscience 32(31):10649–61. [ADC]
Sergent, C. & Naccache, L. (2012) Imaging neural signatures of consciousness:
“What,” “when,” “where,” and “how” does it work? Archives Italiennes de
Biologie 150:91–106. [MB]
Shariff, A. F. & Norenzayan, A. (2007) God is watching you: Priming God concepts
increases prosocial behavior in an anonymous economic game. Psychological
Science 18:803–809. [JMDH]
Shidara, M. & Richmond, B. J. (2002) Anterior cingulate: Single neuronal signals
related to degree of reward expectancy. Science 296(5573):1709–11. [KLH]
Shiffman, S., Hickcox, M., Paty, J. A., Gnys, M., Kassel, J. D. & Richards, T. (1996)
Progression from a smoking lapse to relapse: Prediction from abstinence
violation effects, nicotine dependence, and lapse characteristics. Journal of
Consulting and Clinical Psychology 64:993–1002. [JM]
Shiffrin, R. M. & Schneider, W. (1977) Controlled and automatic human information
processing: II. Perceptual learning, automatic attending and a general theory.
Psychological Review 84:127–90. [MT]
Shima, K. & Tanji, J. (1998) Both supplementary and presupplementary motor areas
are crucial for the temporal organization of multiple movements. Journal of
Neurophysiology 80(6):3247–60. [KLH]
Sigman, M. & Dehaene, S. (2008) Brain mechanisms of serial and parallel processing
duringdual-task performance.The Journal ofNeuroscience28(30):7585–98. [aRK]
Silvetti, M. & Verguts, T. (2012) Reinforcement learning, high-level cognition, and
the human brain. In: Neuroimaging –Cognitive and clinical neuroscience, ed.
P. Bright, pp. 283–96. Retrieved from: http://www.intechopen.com/books/
neuroimaging-cognitive-and-clinicalneuroscience/reinforcement-learning-high-
level-cognition-and-the-human-brain. [CBH]
Simoncelli, E. P. & Olhausen, B. A. (2001) Natural image statistics and neural rep-
resentation. Annual Review of Neuroscience 24:1193–216. [rRK]
Singer, T., Seymour, B., O’Doherty, J. P., Kaube, H., Dolan, R. J. & Frith, C. D.
(2004) Empathy for pain involves the affective but not sensory components of
pain. Science 303(5661):1157–62. [aRK]
Singer, T., Seymour, B., O’Doherty, J. P., Stephan, K. E., Dolan, R. J. & Frith, C. D.
(2006) Empathic neural responses are modulated by the perceived fairness of
others. Nature 439(7075):466–69. [aRK]
Singh, D. (1993) Adaptive signiﬁcance of female physical attractiveness: Role of
waist-to-hip ratio. Journal of Personality and Social Psychology 65(2):293–307.
[aRK]
Sklar, A. Y., Levy, N., Goldstein, A., Mandel, R., Maril, A. & Hassin, R. R. (2012)
Reading and doing arithmetic nonconsciously. Proceedings of the National
Academy of Sciences USA 109(48):19614–19. [MB]
Smallwood, J. & Schooler, J. W. (2006) The restless mind. Psychological Bulletin 132
(6):946–58. [rRK]
Smith, E. E. & Jonides, J. (1998) Neuroimaging analyses of human working memory.
Proceedings of the National Academy of Sciences USA 95(20):12061–68. [aRK]
References/Kurzban et al.: An opportunity cost model of subjective effort and task performance
724 BEHAVIORAL AND BRAIN SCIENCES (2013) 36:6
Sperber, D. (1994) The modularity of thought and the epidemiology of represen-
tations. In: Mapping the mind: Domain speciﬁcity in cognition and culture, ed.
L. Hirschfeld & S. A. Gelman, pp. 39–67. Cambridge University Press. [aRK]
Spreng, R. N., Mar, R. A. & Kim, A. S. N. (2009) A common neural basis of auto-
biographical memory, prospection, navigation, theory of mind, and the default
mode: A quantitative meta-analysis. Journal of Cognitive Neuroscience 21
(3):489–510. [GA]
Stanley, T. D. (2008) Meta-regression methods for detecting and estimating
empirical effects in the presence of publication selection. Oxford Bulletin of
Economics and Statistics 70:103–27. [ECC]
Stewart, C. C., Wright, R. A., Hui, S. A. & Simmons, A. (2009) Outcome expectancy
as a moderator of mental fatigue inﬂuence on cardiovascular response. Psy-
chophysiology 46:1141–49. doi: 10.1111/j.1469-8986.2009.00862.x. [RAW]
Strack, F. & Deutsch, R. (2004) Reﬂective and impulsive determinants of social
behavior. Personality and Social Psychology Review 8:220–47. [MSH, MI]
Stucke, T. S. & Baumeister, R. F. (2006) Ego depletion and aggressive behavior: Is
the inhibition of aggression a limited resource? European Journal of Social
Psychology 36(1):1–13. [aRK, MI]
Stuss, D. T. & Alexander, M. P. (2000) Executive functions and the frontal lobes: A
conceptual view. Psychological Research 63(3):289–98. [aRK]
Sutton, A. J. (2009) Publication bias. In: The handbook of research synthesis and
meta-analysis, ed. H. Cooper, L. Hedges & J. Valentine, pp. 435–52. Russell
Sage Foundation. [ECC]
Sutton, R. S. & Barto, A. G. (1998) Reinforcement learning: An introduction. MIT
Press. [aRK]
Symons, D. (1992) On the use and misuse of Darwinism in the study of human
behavior. In: The adapted mind: Evolutionary psychology and the generation of
culture, ed. J. H. Barkow, L. Cosmides & J. Tooby, pp. 137–59. Oxford Uni-
versity Press. [aRK]
Teper, R. & Inzlicht, M. (2013) Meditation, mindfulness, and executive control: The
importance of emotional acceptance and brain-based performance monitoring.
Social Cognitive Affective Neuroscience 8:85–92. doi:10.1093/scan/nss045. [MI]
Thaler, R. (1981) Some empirical evidence on dynamic inconsistency. Economics
Letters 8(3):201–207. [JAW]
Thompson-Schill, S. L., Bedny, M. & Goldberg, R. F. (2005) The frontal lobes and
the regulation of mental activity. Current Opinion in Neurobiology 15(2):219–
24. [aRK]
Thorndike, E. L. (1904) An introduction to the theory of mental and social
measurements. Science Press. [aRK]
Thornhill, R. (1998) Darwinian aesthetics. In:Handbook of evolutionary psychology:
Ideas, issues, and applications, ed. C. Crawford & D. L. Krebs, pp. 543–72.
Erlbaum. [aRK, MH]
Tice, D. M., Baumeister, R. F., Shmueli, D. & Muraven, M. (2007) Restoring the
self: Positive affect helps improve self-regulation following ego depletion.
Journal of Experimental Social Psychology 43(3):379–84. [aRK]
Tolman, E. C. (1932) Purposive behavior in animals and men. Century. [GHEG]
Tom, S. M., Fox, C. R., Trepel, C. & Poldrack, R. A. (2007) The neural basis of loss
aversion in decision-making under risk. Science 315(5811):515–18. [aRK]
Tomporowski, P. D. (2003) Effects of acute bouts of exercise on cognition. Acta
Psychologica 112(3):297–324. [aRK]
Tooby, J. & Cosmides, L. (1992) The psychological foundations of culture. In: The
adapted mind: Evolutionary psychology and the generation of culture, ed. J. H.
Barkow, L. Cosmides & J. Tooby, pp. 19–136 . Oxford University Press. [aRK]
Tooby, J., Cosmides, L., Sell, A., Lieberman, D. & Sznycer, D. (2008) Internal
regulatory variables and the design of human motivation: A computational and
evolutionary approach. In: Handbook of approach and avoidance motivation,
ed. A. Elliot, pp. 251–71. Erlbaum. [aRK]
Tops, M. & Boksem, M. A. S. (2011) A potential role of the inferior frontal gyrus and
anterior insula in cognitive control, brain rhythms and event-related potentials.
Frontiers in Psychology 2(330):1–14. [MT]
Tops, M. & Boksem, M. A. S. (2012) “What’s that?” “What went wrong?” Positive
and negative surprise and the rostral-ventral to caudal-dorsal functional gradient
in the brain. Frontiers in Psychology 3(21):1–5. [MT]
Tops, M. & de Jong, R. (2006) Posing for success: Clenching a ﬁst facilitates
approach. Psychonomic Bulletin and Review 13(2):229–34. [MT]
Tops, M., Lorist, M. M., Wijers, A. A. & Meijman, T. F. (2004) To stress or relax:
Neurochemical aspects of activity and rest. Gedrag en Organisatie 17:32–42.
[aRK]
Tyler, J. M. & Burns, K. C. (2008) After depletion: The replenishment of the self’s
regulatory resources. Self and Identity 7:305–21. [aRK]
van der Linden, D. (2011) The urge to stop: The cognitive and biological nature of
acute mental fatigue. In: Cognitive fatigue: Multidisciplinary perspectives on
current research and future applications, ed. P. L. Ackerman, pp. 149–64.
American Psychological Association. [aRK]
van der Linden, D., Frese, M. & Meijman, T. F. (2003) Mental fatigue and the
control of cognitive processes: Effects on perseveration and planning. Acta
Psychologica 113(1):45–65. doi:10.1016/S0001-6918(02)00150-6. [aRK,
CBH]
Venables,L.&Fairclough, S.H. (2009)The inﬂuenceofperformance feedbackongoal-
setting and mental effort regulation.Motivation and Emotion 33(1):63–74. [JAW]
Vinogradova, O. S. (2001) Hippocampus as comparator: Role of the two input and
two output systems of the hippocampus in selection and registration of infor-
mation. Hippocampus 11:578–98. [PNP]
Vohs, K. D., Baumeister, R. F. & Schmeichel, B. J. (2012) Motivation, personal
beliefs, and limited resources all contribute to self-control. Journal of Exper-
imental Social Psychology 48:943–47. [MSH]
Vohs, K. D., Baumeister, R. F., Schmeichel, B. J., Twenge, J. M., Nelson, N. M. &
Tice, D. M. (2008) Making choices impairs subsequent self-control: A limited-
resource account of decision making, self-regulation, and active initiative.
Journal of Personality and Social Psychology 94(5):883–98. [aRK]
Vyazovskiy, V. V., Olcese, U., Hanlon, E. C., Nir, Y., Cirelli, C. & Tononi, G. (2011)
Local sleep in awake rats. Nature 472(7344):443–47. [AB]
Wager, T.D.&Smith,E.E. (2003)Neuroimaging studies ofworkingmemory: Ameta-
analysis. Cognitive, Affective, and Behavioral Neuroscience 3(4):255–74. [aRK]
Walker, M. P., Stickgold, R., Alsop, D., Gaab, N. & Schlaug, G. (2005) Sleep-
dependent motor memory plasticity in the human brain. Neuroscience 133
(4):911–17. [MT]
Walton, M. E., Bannerman, D. M., Alterescu, K.. & Rushworth, M. F. (2003)
Functional specialization within medial frontal cortex of the anterior cingulate
for evaluating effort-related decisions. The Journal of Neuroscience 23
(16):6475–79. [aRK]
Wan, E. W. & Sternthal, B. (2008) Regulating the effects of depletion through
monitoring. Personality and Social Psychology Bulletin 34:32–46. [MI]
Warm, J. S. (1984) An introduction to vigilance. In: Sustained attention in human
performance, ed. J. S. Warm, pp. 1–14. Wiley. [aRK]
Warm, J. S. & Dember, W. N. (1998) Tests of vigilance taxonomy. In: Viewing
psychology as a whole: The integrative science of William N. Dember, ed. R. R.
Hoffman, M. F. Sherrick & J. S. Warm, pp. 87–112. American Psychological
Association. [EC]
Warm, J. S., Matthews, G. & Finomore, V. S., Jr. (2008) Vigilance, workload, and
stress. In: Performance under stress, ed. P. A. Hancock & J. Szalma, pp. 115–41.
Ashgate. [aRK]
Webb, T. L. & Sheeran, P. (2003) Can implementation intentions help to overcome
ego-depletion? Journal of Experimental Social Psychology 39(3):279–86. [aRK]
Wegner, D. M. (2002) The illusion of conscious will. MIT Press. [ADC]
Weissman, D. H., Robets, K. C., Visscher, K. M. &Woldorff, M. G. (2006) The neural
bases of momentary lapses in attention. Nature Neuroscience 9(7):971–78. [MT]
Wessel, J. R., Danielmeier, C., Morton, J. B. & Ullsperger, M. (2012) Surprise and
error: Common neuronal architecture for the processing of errors and novelty.
Journal of Neuroscience 32(22):7528–37. [ADC]
Westbrook, A., Kester, D., & Braver, T. S. (2013) What is the subjective cost of
cognitive effort? Load, trait, and aging effects revealed by economic preference.
PLoS One 8(7). doi:10.1371/journal.pone.0068210.t004 [JAW]
Wickens, C. D. (1984) Processing resources in attention. In: Varieties of attention,
ed. R. Parasuraman & D. R. Davies, pp. 63–102. Academic Press. [NJM]
Wickens, C. D. (2002) Multiple resources and performance prediction. Theoretical
Issues in Ergonomics Science 3(2):159–77. [aRK]
Williams, G. C. (1966) Adaptation and natural selection. Princeton University Press.
[aRK]
Williamson, J. W., McColl, R. & Mathews, D. (2003) Evidence for central command
activation of the human insular cortex during exercise. Journal of Applied
Physiology 94:1726–34. [MT]
Williamson, J. W., McColl, R., Mathews, D., Ginsburg, M. & Mitchell, J. H. (1999)
Activation of the insular cortex is affected by the intensity of exercise. Journal of
Applied Physiology 87:1213–19. [MT]
Winkielman, P., Schwarz, N. & Belli, R. F. (1998) The role of ease of retrieval and
attribution in memory judgments – Judging your memory as worse despite
recalling more events. Psychological Science 9:124–26. [SDB]
Wright, R. A. (2008) Reﬁning the prediction of effort: Brehm’s distinction between
potential motivation and motivation intensity. Social and Personality Psychology
Compass 2:682–701. doi:10.1111/j.1751-9004.2008.00093. [GHEG]
Wright, R. A. & Kirby, L. D. (2001) Effort determination of cardiovascular response:
An integrative analysis with applications in social psychology. In: Advances in
experimental social psychology, vol. 33, ed. M. P. Zanna, pp. 255–307. Aca-
demic Press. [GHEG, RAW]
Wright, R. A., Junious, T. R., Neal, C., Avello, A., Graham, C., Herrmann, L.,
Junious, S. & Walton, N. (2007) Mental fatigue on effort-related cardiovascular
response: Difﬁculty effects and extension across cognitive performance
domains. Motivation and Emotion 31:219–31. [aRK]
Wright, R. A., Martin, R. E. & Bland, J. L. (2003) Energy resource depletion, task
difﬁculty, and cardiovascular response to a mental arithmetic challenge. Psy-
chophysiology 40:98–105. [RAW]
Wright, R. A., Shim, J. J., Hogan, B. K., Duncan, J. & Thomas, C. (2012) Interac-
tional inﬂuence of fatigue and task difﬁculty on cardiovascular response:
Demonstrations involving an aerobic exercise challenge. Psychophysiology
49:1049–58. doi: 10.1111/j.1469-8986.2012.01390.x. [RAW]
References/Kurzban et al.: An opportunity cost model of subjective effort and task performance
BEHAVIORAL AND BRAIN SCIENCES (2013) 36:6 725
Wright, R. A. & Stewart, C. C. (2012) Multifaceted effects of fatigue on effort and
associated cardiovascular responses. In: How motivation affects cardiovascular
response: Mechanisms and applications, ed. R. A. Wright & G. H. E. Gendolla,
pp. 199–218. APA Press. [RAW]
Wyland, C. L., Kelley, W. M., Macrae, C. N., Gordon, H. L. & Heatherton, T. F.
(2003) Neural correlates of thought suppression. Neuropsychologia 41
(14):1863–67. [aRK]
Yeung, N. (2013) Conﬂict monitoring and cognitive control. In: Oxford handbook of
cognitive neuroscience, Volume 2, ed. K. Ochsner & S. Kosslyn. pp. 275–99.
Oxford University Press. [CBH]
Yeung, N. & Monsell, S. (2003) Switching between tasks of unequal familiarity: The
role of stimulus-attribute and response-set selection. Journal of Experimental
Psychology: Human Perception and Performance 29:455–69. doi:10.1037/0096-
1523.29.2.455. [CBH]
Youngquist, W. (1997) Geodestinies – The inevitable control of Earth resources over
nations and individuals. National Book Company. [CBH]
Yu, A. J. & Dayan, P. (2005) Uncertainty, neuromodulation, and attention. Neuron
46(4):681–92. [NJM]
Zaghloul, K. A., Blanco, J. A., Weidemann, C. T., McGill, K., Jaggi, J. L., Baltuch, G.
H. & Kahana, M. J. (2009) Human substantia nigra neurons encode unexpected
ﬁnancial rewards. Science 323(5920):1496–99. [aRK]
Zaki, J., Davis, J. I. & Ochsner, K. N. (2012) Overlapping activity in anterior insula
during interoception and emotional experience. NeuroImage 62(1):493–99.
[ADC]
Zayas, V., Mischel, W. & Pandey, G. (in press) Mind, brain, and delay of gratiﬁcation.
In: The neuroscience of risky decision, ed. V. Reyna & V. Zayas. American
Psychological Association. [VZ]
Zhang, Y., Fishbach, A. & Kruglanski, A. W. (2007) The dilution model: How
additional goals undermine the perceived instrumentality of a shared path.
Journal of Personality and Social Psychology 92:389–401. [SDB]
Zipf, G. K. (1949)Human behaviour and the principle of least effort: An introduction
to human ecology. Addison-Wesley. [GHEG]
Zubeck, J. P. (1973) Behavioral and physiological effects of prolonged sensory and
perceptual deprivation: A review. In: Man in isolation and conﬁnement, ed. J.
Rasmussen, pp. 9–83. Aldine. [GA]
Zucker, R. S. & Regehr, W. G. (2002) Short-term synaptic plasticity. Annual Review
of Physiology 64:355–405. [AB]
Zuckerman, M. (1994) Behavioral expressions and biosocial bases of sensation
seeking. Cambridge University Press. [PNP]
Zuckerman, M. (1996) The psychobiological model for impulsive unsocialized
sensation seeking: A comparative approach. Neuropsychobiology 34:125–29.
[PNP]
References/Kurzban et al.: An opportunity cost model of subjective effort and task performance
726 BEHAVIORAL AND BRAIN SCIENCES (2013) 36:6
